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PREFACE TO THE SECOND EDITION 

Nearly a quarter of a century has elapsed since the publica- 
tion of the first edition of “British Freshwater Algae,’* and this 
moreover covers a period in which all branches of botanical 
science have been pursued with great vigour. Our knowledge 
of the Algae and related organisms has advanced very consider- 
ably during that time and, thanks especially to the fundamental 
work of G. S. West, the British freshwater algal flora has been 
materially enriched, both by the description of new genera and 
species and by the discovery of forms already known from other 
parts of the world. When therefore I was requested by th^ 
Syndics of the Cambridge University Press to undertake the 
preparation of a new edition of West’s work which should not 
appreciably exceed the dimensions of the earlier one, I felt that 
this could only be accomplished by practically rewriting the 
greater part of the book. While I hope to have preserved the 
essential character of the former work, very extensive changes 
have been made to bring it into line with the present-day outlook. 
A considerable amount of the matter in the earlier edition has 
had to be omitted, but I have retained practically in their 
entirety the data on occurrence and distribution of British fresh- 
water Algae (mainly rendered in small type) that G. S. West 
compiled from his own unrivalled experience. The generic 
descriptions, except where it was necessary to bring them up to 
date or to amplify them, have also been little modified. 

As indicated more fully in the introductory section, it is no 
longer thought feasible to separate the Algae from the pigmented 
Flagellata, and the scope of this volume has therefore been 
extended to include all the holophytic Protophyta (inch Peri- 
dinieae) that have been found in the British Isles. The colourless 
forms have however been omitted, except in a few cases in which 
a very close relationship with pigmented types is apparent, and 
the large classes of colourless Flagellata recognised by Senn are 
not considered here. In general the treatment of the different 
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classes has been confined to the British representatives, but 
some mention of others likely to be found in this country has 
frequently been made, either because their description was 
necessary for the clear understanding of the characters of a class 
or in order to draw 'ittention to them, so that they might be 
sought for. 

An attempt has been made to give a more detailed oversight 
of the essential features of each class (also of each group in the 
case of the Isokontae) than wr done in the first edition. This 
has rendered possible a briefer consideration of the individual 
families whose description is mostly confined to a few lines. 
Moreover the keys for the determination of genera have been 
concentrated and placed at the beginning of the systematic 
treatment of each class or larger group. It is believed that this 
will afford greater facility in determination. The introductory 
sections to the different groups and classes will, if read in con- 
tinuity, constitute an introduction to the study of freshwater 
Algae for beginners, especially if supplemented by occasional 
reference to the subsequent generic descriptions. In order to 
save space the latter are given in diagnostic form and a few very 
obvious contractions are used. In the general survey which 
follows the description of each genus, some attempt has been 
made (except in the case of the larger genera) to indicate the 
essential characters of the species mentioned. All measurements, 
unless otherwise stated, are given in terms of /x. 

Literature has been cited to a very much greater extent than 
in the first edition, and under each genus are enumerated any 
important papers relating to it. The citation of literature is in 
no way exhaustive, but it is believed that no important paper, 
published up to the end of 1925, has been omitted. A certain 
number of papers and books, to which frequent reference has had 
to be made, are indicated only by the author’s name and the year 
of publication, and a list of these will be found at the end of the 
book. It may be well to state that the works in question are not 
necessarily more important than many which are cited in the 
main body of the book. 

The present work contains the description of 62 genera that 
were not included in the earlier edition. The majority of the 
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illustrations in the latter have been retained, but a few have 
been replaced and a considerable number of new blocks added. 
There is a figure for every British freshwater algal genus, and 
in the case of the larger genera several species are usually 
figured. It has been a matter for regret that lack of space has 
prevented more than a very cursory consideration of the numer- 
ous contributions on algal ecology and biology. 

In conclusion I wish to acknowledge the help and inspiration 
afforded by Oltmanns’ “ Morph^'^iigie und Biologie der Algen.’’ 
G. S. West’s Handbook, and Pascher’s “Susswasserfiora” have 
also been abundantly consulted. I am much indebted to my 
colleague, Dr Nellie Carter, with whom I have discussed many 
difficult points, to my fellow-worker. Miss F. Rich, who has 
read the proofs throughout, and to my wife for the arduous task 
of preparing the new blocks of illustrations. 


F. E. FRITSCH 


Dorkingy Surrey 
March Qth, 1926 
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ABBREVIATIONS 

All measurements, except where otherwise stated, are given 
in terms of fx (one-thousandth of a millimetre). The following 
abbreviations are used in the text: aplanosp. = aplanospore; 
aquat. = aquatic; asex. = asexual; auxosp. = auxospore; 
azygosp. = azygospore; br. = breadth; Brit. = British; 
chloropl. = chloroplast; chromat. = chromatophore; conjug. = 
conjugation; contr. vac. = contractile vacuole; diam. = 
diameter; div. = division; fil. = filament; intercell. sp. == 
intercellular spaces; 1. = length; longit. = longitudinal; 
multipl. = multiplication; opp. = opposite; pyren. = pyre- 
noid; reprod. reproduction; sex. = sexual; sp. = species; 
terrestr. == terrestrial ; transv. == transverse ; trich. = trichome ; 
unicell. = unicellular; vac. = vacuole; zoosp. = zoospore; 
zygosp. = zygospore. 



INTRODUCTION! 


History of the Study of British Freshwater Algae 

O NE of the earliest attempts to bring together all that was then 
known concerning British Freshwater Algae was Dillwyn’s 
“British Confervae” which appeared in 1809, and hardly any 
further advance was made in this country until the publication 
in 1845 of Hassall’s “History of British Freshwater Algae.” 
About this time two very important works were commenced on 
the continent, one being Kiitzing’s “Tabulae Phycologicae,” 
the first part of which was issued in 1846, and the other Raben- 
horst’s “Flora Europaea Algarum,” published between J864 
and 1868. Naegeli’s “Gattungen einzelliger Algen” (1849) 
helped materially to advance our knowledge of the unicellular 
forms. Ralfs’ “British Desmids” appeared in 1848, but for 
the next thirty years Henfrey, Hicks, and Archer were almost 
the only contributors to the literature of British freshwater 
Algae, the publications of Archer being very numerous and most 
valuable. From 1882 to 1884 Cooke issued his “British Fresh- 
water Algae” and in 1887 Wolle’s “Freshwater Algae of the 
United States” appeared, but it can scarcely be said that either 
of these works contributed much to further knowledge of the 
Algae. The study of Diatoms was materially advanced during 
this period by the publication, between 1858 and 1856, of Smith’s 
“Synopsis of the British Diatomaceae” and Van Heurck’s 
“Synopsis des Diatomees de Belgique” (1880-85). 

The last two decades of the nineteenth century saw a great 
increase in the investigation of freshwater Algae, particularly 
by continental workers such as Wille, Wittrock, Nordstedt, 
Bornet, Thuret, Lagerheim, Klebs, Hansgirg, Schmidle, Borzi, 
Ghodat, Borge, Lemmermann, and others. In Britain, Bennett 
and Roy dealt with the algal flora of certain districts, and towards 
the end of this period W. West, the father, and G. S. West, the 
son, commenced the publication of the series of memoirs on the 
freshwater Algae of many parts of the British Isles (as well as 
of other regions) that constitute a model of what such researches 
should be and have rightly led to their names being ranked 
amongst the foremost workers on the taxonomy of freshwater 

^ Literature is quoted by reference to the author^s name and the place of 
publication, except in the case of a few papers and books which are cited 
by giving the author’s name and year only; a list of these will be found at 
the end of the present work. 
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Algae. The study of the latter received a further impetus through 
the publication in 1902 of Chodat’s “ Algues vertes de la Suisse,” 
of the first edition of the present work by G. S. West in 1904, 
and of Oltmanns’ “Morphologie und Biologie der Algen” in the 
same year. W, and G. S. West’s “Monograph of the British 
Desmidiaceae,” of which the first volume was issued in 1904, 
had a far-reaching influence on the study of the large group with 
which it deals. De Toni’s “Sylloge Algarum,” commenced in 
1889, served the useful purpose of giving an oversight of the 
numerous genera and species that were at that time already 
known. 

In the present century great advances have been made in the 
investigation of freshwater Algae in many parts of the world, 
and in particular attention has been paid to their biology and 
ecology. The study of freshwater phytoplankton belongs almost 
entirely to this period. Space does not admit of mentioning the 
inmunerable younger workers who now occupy the field and 
have already contributed much to our knowledge of freshwater 
Algae. Amongst those of Great Britain may be mentioned 
Nellie Carter, Hodgetts, and Griffiths; amongst others Pascher, 
Printz, Strom, Com^re, Allorge, Heering, Geitler, B. Schroder, 
G. M. Smith, etc. Two important works that have appeared 
during this period are Pascher’s “Siisswasserflora Deutschlands, 
Osterreichs, und der Schweiz” and G. S. West’s volume on 
Algae in the Cambridge Botanical Handbooks (1916). 

The researches of the last 40 years have not only led to the 
discovery of many new genera and species and the elucidation 
of the life-histories and mode of life of many forms, but in addi- 
tion a great deal has been accomplished in clearing up the 
synonymy of these plants. It may be doubted if 25 per cent, of 
the British freshwater Algae could be identified with certainty 
from Cooke’s book, and Wolle’s American publication would 
be of little or no assistance. The widespread assumptions as 
regards polymorphism of Algae, based upon very inadequate 
observations (Borzi, Hansgirg, etc.), that were current in the 
eighties of the last century, have been largely abandoned^. In 
particular it is now quite clear that there exist a large number 
of simple and colonial Algae (such as are comprised in the groups 
VolvocaleSj Chlorococcales, Chroococcales, etc.) that are quite 
independent of the higher filamentous types, though certain 
stages in the life-history of the latter may occasionally markedly 
resemble some of the former. Moreover, even where the inde- 
pendence of a simple form is in doubt, that constitutes no 

^ cf. Klebs, 1896, p. 172; West, 1899, p, 52; Oltmanns, Morph, u. Biol, 
d. Algen, in, 1928, p. 69. 
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reason why, until its assignation to some other is fully established, 
it should be neglected and left out of consideration. A carefully 
described and figured algal form always marks a contribution 
to our knowledge of the group, no matter whether it be sub- 
sequently found to represent merely a stage in the life-cycle of 
some other species. 

The classification of the Algae has undergone manifold changes 
and, although we are doubtless far from possessing a natural 
system, great strides in that direction have been made in the 
last 80 years. The most marked advance was the elaboration 
of a theory of the origin of the Algae from a flagollate ancestry, 
which emanated from Sweden and may be identified with the 
names of Bohlin and Luther^. In this country this theory was 
first clearly expounded by F. F. Blackman ^ in 1900, and this 
was followed in 1902 by the publication of a revised classifica- 
tion of the Green Algae by Blackman and Tansley®. The point 
of view initiated by this theory has given a great stimulus to 
the investigation of the simpler unicellular and colonial Algae 
as well as of the pigmented Flagellates themselves, and the ad- 
vance in our knowledge has been particularly noticeable during 
the last fifteen years, thanks especially to the important work 
of Pascher^. It may be doubted whether at the present day the 
distinction between Flagellates and Algae is still a tenable one, 
since it is evident that there are a large number of phyla of 
pigmented Protophyta that, commencing with simple flagellate 
forms, have advanced to a more or less high stage of algal 
organisation (cf. p. 19). For this reason all the pigmented 
Protophyta have been included in the present edition. 

In the subsequent matter a general acquaintance with plants 
is assumed, such as can be obtained from any elementary text- 
book dealing with botany. The student is advised to gain 
familiarity with the general characteristics of the structure and 
reproduction of a few of the commoner freshwater Algae, such 
as can be obtained from a perusal of Scott’s “ Structural Botany ” 
or of Fritsch and Salisbury’s “Introduction to the Structure 
and Reproduction of Plants.” 

1 Luther, Bih. K. Sv. Vet.-Akad. Handl. xxiv, 1899, Afd. 8, No. 18, 
p. 14 et seq.; Bohlin, Utkast till de grdna Algernas och Arkegoniaternas 
Fylogeni, Upsala, 1901. 

* Blackman, Ann. of Bot. xiv, 1900, p. 647. 

* New Phytol. i, 1902, p. 17, etc. 

* cf. especially Pascher, 1914, 1918 and 1921. 
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Occurrence and Distribution of Freshwater Algae 

Algae are universal in their occurrence, no moist situation 
being without some type of Alga. They are found in and on damp 
earth, on rocks, walls, palings, tree- trunks, in rain-tubs, etc.; 
they are met with in all kinds of running water, from the torrent, 
waterfall, and cataract to the slowest river. They are most 
abundant however in still waters, occurring in quantity in pools, 
ditches, and lakes. 

They are found either floating at the surface, simply im- 
mersed in the water, or attached to submerged stones or to 
larger aquatic plants as epiphytes. The larger Algae are often 
conspicuous as green or blue-green slimy masses (so-called pond- 
scums) forming a surface scum on ponds, ditches, etc., or take 
the shape of long green tresses attached to the rocks and stones 
of rivers. Rocks over which water is constantly dripping possess 
at times quite a characteristic flora comprising many of the 
more uncommon Algae. If such rocks present wet vertical 
faces, they are often covered with thick leathery patches or 
gelatinous masses, which exhibit a great variety of colours and 
usually consist of a mixture of blue-green Algae (Myxophyceae). 
A few forms {Botrydium, some species of Vaucheria) are custom- 
arily found on the damp mud left after the water recedes around 
the edge of a pond. 

A number of Algae live as endophytes within the bodies of 
other organisms, vegetable or animal. Some of these are mere 
‘‘space-parasites,” obtaining shelter by occupying the inter- 
cellular spaces of various plants (e.g. Chlorochytrium within 
species of Lemna (fig. 26, D ) ; Anahaena Azollae within Azolla, 
Nostoc in species of AnthoceroSy etc.). In other cases however 
there is a symbiotic relation with the host, which not only affords 
shelter but also provides part of the food-supply, probably 
receiving in its turn some of the products of photosynthesis of 
the Alga. This is the case in Lichens, where a Fungus lives 
symbiotically with Algae such as TrebouixAa (p. 107), Trente- 
pohUuy NostoCy Scytonemay etc. The “green cells” found within 
such animals as Hydra viridis, Paramoedurriy Ophrydium^y etc., 
as well as in freshwater Sponges, are due to species of Chlorella^. 
Other modes of occurrence of Algae are illustrated by the genus 
Foreliella whose threads perforate the substance of the valves 

^ Large green gelatinous masses belonging to this genus often occur in 
huge quantities in ponds and lakes. 

* A similar occurrence of “green cells” within freshwater snails has been 
recently brought to the notice of the writer by Prof. A. E. Boycott, F.R.S. 
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of the freshwater Mussel (Anodonta^)y and Trichophilm, which 
inhabits the superficial layers of the hairs of the Sloth {Bradypus)^, 

Many of the most beautiful Algae are exceedingly minute and 
occur in quantity in situations which are not at first obvious 
and are only found by experience. They occur embedded in a 
thin mucus surrounding the stems and leaves of submerged 
plants, such as Utricularia, Myriophylluni, Nymphaea, Nuphar, 
Potamogeton, Scirpus fluitans, Isoetes, etc. Many submerged 
Bryophytes, such as Sphagnum contortum, S, plumosum, 
Amblystegium scorpioideSy A, falcatumy A, exannulaiumy A, glau~ 
cum, Fontinalis antipyretica, Jungermannia inflata, Nardia emar- 
ginata, etc., are often richly covered with these minute forms. 

A large number of the microscopic unicellular and colonial 
Algae andFlagellata occur, along with an abundance of Copepoda 
and Rotifers, scattered through the surface layers of lakes, rivers, 
and other bodies of freshwater, and constitute the so-called 
plankton (see the frontispiece). Many of these organisms are 
sufficiently big not to pass through the meshes of the ordinary 
tow-nets used for plankton- work (cf. p. 18), and most of the 
accounts dealing with freshwater plankton have alone taken 
cognisance of such forms. In recent years, however, it has 
become known that there are innumerable plankton-organisms, 
some of very minute dimensions, which, either in their entirety 
or in great part, pass through the meshes of a tow-net and can 
only be obtained by centrifuging the water after it has drained 
through the net. The organisms constituting this nannoplankton 
are particularly Algae and Flagellata and as yet only relatively 
few of the more minute forms are known. It would appear how- 
ever that in many cases they form a rather large percentage of 
the entire plankton. 

The pigmented planktonic Protophyta of course constitute 
the chief source of food for the other plankton-organisms, mainly 
Rotifers and Crustacea. The animal and vegetable members of 
the plankton, moreover, furnish the food of most of the smaller 
aquatic animals and so, indirectly, form the basis of the food- 
material of lacustrine and river fishes. As yet few data are 
available concerning the food- value of the freshwater plankton 
and for many reasons it is not easy to arrive at a reliable esti- 
mate. Birge and Juday® have, however, investigated the matter 
comprehensively for some of the inland lakes of Wisconsin. They 

^ Chodat, Bull. Herb. Boissier, vi, 1898, p. 484. 

* Weber van Bosse, Naturk. Verb. Holl. Maatsch. d. Wet., Ser. 3., v, 
1887, p. 10. 

* Wisconsin Geol. and Nat. Hist. Survey, Bull. No. 64, Scient. Ser. No. 18, 
1922; see esp. p. 150. 
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estimate the mean quantity of dry organic matter in the standing 
crop of total plankton of Lake Mendota as amounting approxi- 
mately to an average of 240 kilograms per hectare of surface 
(214 lbs. per acre). Given a monthly turnover in this mean 
quantity, there would be an annual production of 2800 kilo- 
grams per hectare (2568 lbs. per acre). Brandt^ states that the 
chemical composition of the plankton of the Baltic Sea in autumn 
and winter is intermediate between that of “rich pasturage” 
and green lupines, the proportion of fat being greater than in 
land products used as fodder. 

Many of the Algae found in the plankton are more or less 
characteristic of this habitat, some of them being largely and 
others entirely surface organisms 2 . The majority belong to the 
Volvocales, Chlorococcales, Desmidiaceae, Bacillariales, Chryso- 
monadales, Dinoflagellata, and Chroococcales. Many of the 
organisms concerned are provided with special flotation mechan- 
isms, usually in the form of some kind of surface-enlargement. 
In many cases (especially among Desmids and Chlorococcales) 
these take the form of long spines (see fig. 34) or processes which 
terminate in spines (cf. also p. 100). In those species of Desmids 
which normally possess long spines, the latter are of greater 
length when the plants occur in the plankton than when found 
in other situations. It is possible that this spined condition is 
also to be correlated with the need for greater protection against 
those animals of the plankton which feed on Algae 

One or more plankton- Algae may sometimes develop in such 
abundance as to give a very definite coloration to the piece of 
water in which they occur. Such “water-bloom” is most com- 
monly due to members of the class Myxophyceae, but many 
other forms may at times produce the same effect^. The presence 
of Algae in water, even in relatively small quantities, rflay give 
it a definite odour or taste; drinking water is sometimes rendered 
unfit for use owing to the presence of Myxophyceae, Diatoms, 
etc.^ The majority of freshwater Algae, however, probably tend 
rather towards the purification than otherwise of a piece of water 
owing to their capacity to absorb and utilise many diverse 
kinds of organic substances. 

^ Wiss. Meeresunters. Abt. Kiel, in, 1898, p. 87 ; see also Amer. Naturalist, 
XXXII, 1898, p. 952. 

* cf. especially West and West, 1909 a; Pearsall, Journ. Linn. Soc., Bot. 
XLVii, 1925, p. 55. No attempt is made here to deal even superficially with 
the enormous literature relating to freshwater plankton. 

* W. and G. S. West, Journ. Linn. Soc., Bot. xxxv, 1908, p. 554. 

* Naumann, Archiv f. Hydrobiol. u. Planktonk. xiii, 1922, p. 647; 
Smith, Roosevelt Wild Life Bull. 11 , 1924, p. 100. 

* cf. Moore, Yearbook U.S. Depart. Agric. 1902, p. 175. 
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Many authorities^ have drawn a distinction between benthos. 
the free or attached Algae of the littoral zone of a piece of water, 
and the plankton, comprising those forms which occupy the 
open water and are free-floating throughout their active vegeta- 
tive existence. In large bodies of water, such as lakes, this 
distinction is not difficult to maintain, but in ponds and pools 
the plankton often comprises a mixture of true planktonic and 
benthic forms which has been styled heleoplankton. The latter 
has been investigated in great detail by Griffiths ^ who shows 
that the quality of the plankton depends largely on the depth 
at which sediments are situated and the consequent nature of 
their fermentation products, whether aerobic or anaerobic®. The 
plankton of rivers {potamoplankton) is largely derived from the 
backwaters and is often rich in Diatoms^. 

Algae can exist under very varied temperature-conditions. 
In temperate and arctic climates many of them can survive pro- 
longed freezing, even when in the ordinary vegetative condition. 
It is quite possible to melt out from the ice numerous healthy 
Algae, which have suffered in no way from their exposure to 
such a low temperature. In the arctic and antarctic regions, in 
the Alps, and in the Andes, there exist snow-floras, consisting 
principally of Algae which pass their entire existence on the 
snow and ice. The members of this community (known as the 
“cryoplankton”) commonly contain a red pigment, and such 
“ red snow ” includes a few forms which are more or less universal 
in such situations^. 

Algae also occur in warm streams, and the vegetation of hot 
springs consists exclusively of these organisms®. It has been 
affirmed that they can exist in hot water and hot vapour up 
to a temperature of 94*5° C. (200® F.)’, but it may be doubted 

1 cf. West, 1916 a, p. 431. 

2 Griffiths, 1923; Griffiths, Journ. Linn. Soc., Bot. xlvii, 1925, p. 75. 

® cf. also Pearsall, Rev. algol. i, 1924, p. 53. 

* Fritsch, Ann. of Bot. xvii, 1903, p. 631; Butcher, Naturalist, 1924, 
p. 175. 

® See especially Wittrock, Bot. Centralbl. xiv, 1883, p. 158; Lagerheim, 
Ber. Deutsch. Bot. Ges. x, 1892, p. 517; Chodat, Bull. Herb. Boissier, rv, 
1896, p. 879, and Chodat, 1922, p. 75. The most interesting of these organisms 
are Chlamydomonas nivalis (Sommerf.) Wille and a Desmid, Ancylonema 
Nordenski6ldil Berggr. Sometimes snow-floras exhibit other colours than 
red; “yellow snow” is evidently of frequent occurrence in the antarctic 
(Fritsch, Journ. Linn. Soc., Bot. xl, 1912, p. 297) and has also been recorded 
in the Alps. 

• cf. Cohn, Abhandl. Schles. Ges. f. vaterl. Kultur, 1862, p. 85; Weed, 
Amer. Naturalist, xxiii, 1889, p. 394; Bohlin, Bih. Sv. Vet.-Ak. Handl. 
XXVII, Afd. 8, No. 4, p. 12; West, Journ. of Bot. xl, 1902, p. 241. 

’ Brewer, Amer. Journ. Sci., ser. 2, xli, 1866, p. 891. 
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whether such statements would stand a critical investigation. 
Some of these forms become encrusted with carbonate of lime 
or with silica and play no small part in the formation of the 
deposits which are generally found in the neighbourhood of 
hot springs (cf. p. 450). It is worthy of note that the Algae 
which occur at very high altitudes and which therefore exist 
at relatively low temperatures, and those which inhabit the 
hottest springs are, with few exceptions, species of Myxophyceae 
and Bacillariales^, 

Various investigators'^ have conducted experiments with a 
view to ascertaining how far freshwater Algae can withstand 
ex})osure to salt water. Comere found that forms with a robust 
structure and large chloroplasts can best survive such treatment; 
some species of Oedogoyiiuyn and Cladophora could live in a 
3-5 per cent, solution of sodium chloride, and some of the larger 
species of Spirogyra in solutions of 1*8-2 per cent. In all cases 
the salinity of the water caused an increase in cell-size and, 
when the concentration was high, malformation of the cells 
invariably occurred. Many terrestrial Algae seem able to with- 
stand prolonged exposure to saline solutions. In all these 
cases however there is little or no growth. Relatively few Algae 
can exist near the mouths of rivers, where there is a frequent 
change in the salinity of the water; the successful forms (Enter o- 
ynorpha, Bangia, Fucus ceranoides, etc.) are partly marine and 
partly freshwater. 

No inconsiderable number of Algae are able to thrive in 
terrestrial situations^, and many of these are often important 
as pioneers in the colonisation of exposed rock-surfaces^ and 
other substrata. In recent years various researches have shown 
the existence of a well-marked subterranean soil-flora®, compris- 
ing Green and Blue-green Algae, as well as Diatoms. The majority 
of the terrestrial Algae are distinct from the aquatic ones and 
those occurring in the more exposed habitats (soil-surface, 
tree-trunks, etc.) are often highly adapted to resist prolonged 
exposure to drought without any appreciable change from the 
normal vegetative condition®. This capacity is also displayed 

^ The same is true of the algal flora within the antarctic circle. 

2 Richter, Flora, lxxv, 1892, p. 4; Comfere, Nuova Notarisia, xiv, 1908, 
p. 18, and Bull. Soc. Bot. France, lii, 1905, p. 226; Fritsch and Haines, 
Ann. of Bot. xxxvii, 1923, p. 706. 

® Fritsch, Joum. of Ecol. x, 1922, p. 220. 

* Fritsch, Geogr. Journ. 1907, p. 581; Fritsch and Salisbury, New 
Phytol. XIV, 1915, p. 129. 

« Esmarch, Hedwigia, lv, 1914, p. 224; Petersen, Mem. Acad. Roy. 
Danemark, 7 s6r. xii, 1915, No. 7; Bristol, 1920. 

® Fritsch, 1922; cf. also Ann. of Bot. xxx, 1916, p. 135. 
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by the resting-stages of aquatic Algae, whose vegetative phases 
are usually very susceptible to the absence of moisture. 

Few Algae are to be found in equal amount all the year round. 
In fact many exhibit more or less restricted periods of abundance 
and between such perio ds, which ofte n occur but once a year, 
they are e ither complexly absent (their resting-stages being 
buned^in the mud) or are only represented in very diminished 
numbers. As a result, especially in more or less standing waters, 
the^ is generally a very pronounced periodical succession of 
the Algae, one phase following upon the other, and similar 
phases occurring at approximately the same times in successive 
years. This periodicity is very well rnarl^d in the case of the 
pl ank ^n^, but is^so quite patent in many of the larger fila- 
nientous Algae of ponds and l^es. A careful study of the times 
of maximum abundance of such forms in successive years ^ has 
already shed much light on the conditions determining the 
development of different Algae, and it is much to be desired that 
such work should be further prosecuted. It is not known as yet 
whether such periodicity is exhibited by the terrestrial algal 
flora. 

The comparative richness of any district in freshwater 
Algae depends very largely on its physical geography and on 
the geological formation. Mountainous tracts are more prolific 
than flat districts, even though many of the larger Algae are 
absent from them. Most of the filamentous and an abundance 
of the commoner unicellular forms are found in low-lying quiet 
waters. In mountainous areas filamentous Algae are chiefly 
represented by the Myxophyceae (Cyanophyceae) and Con- 
jugatae, the presence of numerous species of Mougeotia being 
a marked feature of such districts, while the unicellular forms 
are greatly increased by the occurrence of numerous Desmids. 
If the mountains consist of the older Palaeozoic rocks, of Pre- 
Cambrian rocks, or of rocks of igneous origin, there is a surprising 
numerical increase, not merely of species but also of individuals; 
and in comparison, a mountainous district of carboniferous 
limestone or other calcareous formation is distinctly poor. 

Thus, the English Lake District, Wales, and certain parts of 
Scotland and Ireland (especially the small tarns and peat-bogs 
which lie in the hollows of the Lewisian gneiss of north-west 

^ cf. e.g. West and West, 1912. 

^ Fritsch, New Phytol. v, 1900, p. 149; Fritsch and Rich, Ann. of Bot. 
XXI, 1907, p. 428; Fritsch and Rich, 1909 and 1913; West, New Phytol. 
viii, 1009, p. 181 ; Hodgetts, 1921; Pearsall, Journ. of Ecol. xi, 1928, p. 165. 
The bulk of the foreign literature merely establishes the fact of periodicity ; 
see however Com^re, Bull. Soc. Bot. France, liii, 1906, p. 890, and Transeau, 
Trans. Amer. Microscop. Soc. xxxii, 1918, p. 81. 
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Scotland) yield a much greater variety of Algae than any other 
parts of the British Isles, The plankton of the larger lakes in 
these areas is also often much richer in Desmidiaceae than any 
that has been described elsewhere. W. and G. S. West^ showed 
that the rich Desmid-floras of these regions occur where there 
is an abundant rainfall and a drainage-water derived from 
geological formations older than the Carboniferous. Subse- 


quently Pearsall 2 related the occurrence of a Desmid-plankton 
in certain lakes of the Lake District to the stage of evolution of 
the lake-basin, the rocky (primitive) lakes being those with a 
plankton dominated by Desmids. This he ascribes to the high 
ratio of sodium -potassium to calcium -magnesium in the latter 
type of lake^. The poorest area of all for British freshwater 
Algae is the fen district in the east of England^. 

Most unicellular Algae and some of the filamentous ones, 
unless specially protected as in many Desmids, are readily taken 
as food by Amoebae, Turbellarians, Gligochaetes, Tardigrades, 
and Crustacea (cf. also p. 5). Tadpoles feed almost exclusively 
on the larger filamentous Algae and many freshwater fish derive 
a smaller or larger part of their nourishment from the same 
source®. A considerable proportion of the food of freshwater 


itomellibranchs also consists of living and decaying Algae. 

J The subjoined list indicates the kinds of Algae and Flagellata 


tha t are co mmonly to be encou ntered i n a number of different 
habitats^T'he list irnusT not be regarded as in any way complete, 
since only tbelhore characteristic forms are mentibnedT Species 


are only given, when they are practically restricted to the 


habitat in question or are exceedingly distinctive of it. 


Pon ds'^ and ditch es. Chlainydomonas, Gonium pectorale, Pandorina 
morurh, Eudorina elegans, Volvox, Gloeocystis gigas, Tetraspora, 
Micractinium, Oocystis, Nephrocytium Agardhianum, Ankistrodes- 
mus, Dictyosphaerium Ehrenbergianum, Westella botryoides, Scene- 


^ West and West, 1909 a, p. 195 et seq. 

2 Proc. Roy. Soc. B, xcii, 1921, p. 276 et seq. 

® cf. also Pearsall, Rev. Algol, i, 1924, p. 53. 

* West, 1899, p. 49. 

® cf. for example Com^re, Mem. Acad. Sci. Toulouse, 11 s^r. v, 1917, 
p. 409. G. S. West (1904, p. 7) mentions that an examination of the intestine 
of Ceralodus, the Australian mud-fish, revealed “ masses of sticks, twigs, 
leaves, fragments of Hepatics, etc., all of which would have been taken in 
by the fish from the muddy bottom of the water in which it lived. This 
material would be mostly in a dead condition before being swallowed ; but 
a microscopical examination shows amongst it the decomposed remains of 
many kinds of Algae, including thousands of the empty valves of Diatoms.” 

• cf. also West, 1916 a, p. 418 et seq. 

^ With reference to the plankton of ponds and pools, see Griffiths, 1923; 
and Griffiths, Joum. Linn. Soc., Bot. xlvii, 1925, p. 75. 
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desmus, Coelastrum, Pediastrum, Ulothrix subtilis var. variabilis, 
Enteromorpha intestinalis (also canals), Microspora, Rhizoclonium 
hieroglyphicum, Cladophora fracta (only when well aerated), Chaeto- 
phora incrassata, Microthamnion Kiitzingianum (favours peat), 
Gongrosira, Oedogonium, Spirogyra, various Desmids (not usually 
abundant), Vaucheria; Botryococcus Braunii, Ophiocytium, Tri- 
bonema bombycinum (shaded pools or such as are grass-grown at the 
margin); Syncrypta Volvox, Synura Uvella; Melosira varians, 
Meridion circulare, Asterionella formosa, Amphiprora paludosa, 
Nitzschia acicularis, and many other less characteristic Diatoms; 
Crypfdmonas; Peridinium cinctum, Ceratium cornutum; various 
Euglenineae (especiallyTf water rich in organic matter); Merismo- 
pedia, Gomphosphaeria aponina, Nostoc, Tolypothrix, Scytonema 
crispum, Dloeotrichia, and many Oscillatoriaceae. 

R ain~vools . Chlamydomonadaceae, Sphaerella lacustris; Synura 
Uvella; Euglenineae. 

Lakes. The benthic flora is exceedingly varied, but has few charac- 
teristic forms (Oedogoniaceae, Chaetophora, Microspora, Cladophora- 
ceae, Mougeotia; Tabellaria). Typical constituents of the plankton 
are: Sphaerocystis Schroeteri, Pediastrum, Quadrigula Pfitzeri, 
Oocystis, Kirchneriella, Dictyosphaerium Ehrenbergianum, Westella 
botryoides, Coelastrum, Staurastrum, and other Desmids; Botryo- 
coccus Braunii; Mallomonas, Dinobryon; Cyclotella, Rhizosolenia, 
Tabellaria, Fragilaria, Synedra, Asterionella, Surirella, and other 
Diatoms; Peridinium (esp. P. inconspicuum), Ceratium (esp. C. 
Hirundinella) ; Coelosphaerium, Gomphosphaeria, Microcystis, Ana- 
baena, Lyngbya (often spirally coiled). 

Mountain tarns and lakes. Binuclearia tatrana, Mougeotia ; Tetra- 
cyclus lacustris. 

Rivers y cataracts, and other types of flowing waters. Ulothrix zonata, 
Hormidium rivulare, Microspora amoena, Chaetomorpha Linum, 
Cladophora glomerata, Stigeoclonium (slow-flowing waters and 
springs), Draparnaldia (slow-flowing), Chaetophora pisiformis, Siro- 
gonium sticticum (slow-flowing); Melosira, Gomphonema geminatum; 
Chantransia, Batrachospermum (slow-flowing), Lemanea, Hilden- 
brandtia rivularis; Xenococcus britannica, Phormidium (esp. P. 
Retzii), Nostoc. 

Bogs and boggy pools. Schizochlamys delicatula, Eremosphaeria 
viridis, Oocystis solitaria, Chaetosphaeridium globosum, Geminella 
mutabilis, Draparnaldia, Chaetophora, Spirotaenia, Cylindrocystis 
Brebissonii, Netrium Digitus, Penium polymorphum (upland moor- 
lands), Closterium gracile and many other sp. of Closterium, Euastrum, 
Micrasterias, Cosmarium (esp. C. Cucurbita), Staurastrum margari- 
taceum (upland moorlands), Xanthidium armMum, G3nmnozyga 
moniliformis, and a great diversity of other Desmids, Zygnema 
anomalum; Botryococcus Braunii, Chlorobotrys regularis; Melosira 
granulata, Stauroneis Phoenicenteron, Navicula rhomboides var. 
saxonica; Glenodinium uliginosum; BatrsK^hospermum ; Gloeothece, 
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Aphanothece, Microcystis, Chroococcus turgidus, Hapalosiphon, 
Stigonema ocellatum, Glaucocystis Nostochinearum. 

Brackish pools, Brachiomonas, Dunaliella, Enteromorpha in- 
testinalis; Spirulina tenuissima, Lyngbya aestuarii. 

Salt-marshes, Rhizoclonium ; Chroococcus turgidus, Microcoleus 
Chthonoplastes, Lyngbya aestuarii. 

Wet rocks (often amid Mosses and Liverworts). Mesotaenium, 
Cylindrocystis crassa, Cosmarium (esp. C. Holmiense, C. anceps); 
Melosira arenaria, M, Roeseana, Denticula, Gomphonema geminatum, 
Cymbella cuspidata (last two esp. in upland districts), Navicula 
borealis; Gloeothece, Aphanothece, Gloeocapsa, Aphanocapsa, 
Phormidium, Schizothrix, Nostoc, Scytonema Myochrous, S. mirabile, 
Stigonema. 

Damp ground (surface). Palmella miniata, Hormidium flaccidum, 
Stichococcus bacillaris, Prasiola, Mesotaenium, Cylindrocystis crassa, 
Zygogonium ericetorum (esp. heaths), Vaucheria; Botrydium (damp 
mud) ; Hantzschia amphioxys ; Porphyridium cruentum ; Phormidium 
(esp. P. autumnale), Symploca muralis. Microcoleus vaginatus, 
Nostoc commune, Cylindrospermum majus. 

Subterranean soil-flora}. Chlorococcum humicolum, Trochiscia 
aspera, Ulothrix subtilis var. variabilis; Bumilleria exilis; Navicula 
(esp. N. mutica, N. atomus), Hantzschia amphioxys; Plectonema 
Battersii, Phormidium; and Moss-protonema. 

Tree-trunkSy palings^ etc,^ Chlorococcum humicolum, Trebouxia, 
Stichococcus bacillaris, Trentepohlia, Pleurococcus ; Symploca 
muralis. 

The commonest epiphytes. Characium , Protoderma viride, Aphano- 
chaete, Coleochaete, Chaetopeltis orbicularis, Bulbochaete ; Chara- 
ciopeis, Ophiocytium Arbuscula; Synedra splendens, Achnanthes, 
Cocconeis, Rhoicosphenia curvata, Gomphonema, Cymbella, Epi- 
themia; Chamaesiphon. 

The Collection, Preservation, and Investigation 
OF Freshwater Algae 

For the collection of freshwater Algae a plentiful supply of 
small wide-mouthed tubes or bottles will be found most useful. 
Only small quantities of the larger, strictly aquatic Algae 
should be put into a tube together with plenty of water, and 
the tube should not be more than three-quarters full. This is 
because rapid decomposition accompanies overcrowding, and 
it may frequently happen that collections cannot be examined 
for many hours after they have been made. Most microscope- 
makers however manufacture small portable microscopes with 
the help of which an immediate examination of living material 
can be made at the time of collection. 


^ See especially Bristol, 1920. 


‘ cf. also Brand, 1925. 
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To gather the minute Algae that occur attached to larger 
water plants, the latter should be removed from the water with 
as little mud as possible and the superfluous moisture allowed 
to drain away for a few minutes. They should then be gently 
squeezed over a wide-mouthed bottle and the issuing water 
collected in the latter. In the sediment which settles at the bottom 
will be found numerous unicellular and colonial Algae Some- 
times one or two hundred species may be obtained from a small 
quantity of such material. 

The Algae of the plankton are collected by means of tow-nets 
having the shape of elongated cones with truncated apices, 
varying in length from one to two feet, and composed of the 
finest bolting silk^. There are many different types, but unless 
quantitative work is to be undertaken a simple form will suffice. 
According as only the surface plankton (generally the richest in 
Algae) or that of deeper layers is required, the net must be towed 
horizontally or vertically, in the latter case from a stationary 
boat. For the collection of nannoplankton two methods are in 
use*. Where such plankton is rich, it is often sufficient to 
centrifugalise a small quantity of the water; in other cases it 
is advisable to pump up a certain amount of water and filter it 
through filters made of hardened paper. A consideration of the 
numberless other appurtenances connected with plankton- 
investigation is beyond the scope of this book^. 

If algal material is to be kept living for some time, it is best 
placed in wide-mouthed jars with an abundance of water, and 
not exposed to too strong a light. Sterile species of Zygnemaceae 
and Oedogoniaceae will often become fertile under these condi- 
tions. Some filamentous Algae also keep well, if placed in flat 
glass dishes with a small amount of water^. 

Whenever possible. Algae should first be examined in the 
living state, as many characteristics tend to be lost or obscured 
in preserved material, and many of the Flagellates (e.g. species 
of Euglena) can only be determined when alive. On the other 
hand, many species of Desmids and Diatoms, especially those 
with characteristic surface-markings, cannot be identified with 
certainty unless dead empty cells are available. 

' If the material be mixed with a considerable amount of mud, a centri- 
fuge will be found useful to separate out the Algae. 

* cf. Sutherland, Journ. Elcol. i, 1918, p. 166; Juday, Trans. Wisconsin 
Acad. Sci. xviii, 1916, p. 566; also West and West, 1909 a, p. 166. 

* See especially Bachmann, Biol. Centralbl. xx, 1900, p. 886; Lohmann, 
Int. Rev. Hydrobiol. u. Hydrogr. iv, 1911, p. 1 ; Scourfleld, Joum. Quekett 
Micr. Club, xi, 1912, p. 248. 

* cf. Ward and Whipple, Freshwater Biology, New York, 1918, p. 67 et seq. 

^ For the cultivation of Algae, see p. 16. 
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For the observation of cilia of motile forms a 1-2 per cent, 
cocaine solution is very useful; iodine or dilute acid fuchsin in 
aqueous solution often brings them out more clearly. Rapid 
fixing by inverting a slide or cover-glass bearing a drop of 
material for a few minutes over 1 per cent, osmic acid usually 
achieves the same object^. Inconspicuous mucilage-envelopes 
are best seen by adding sepia or Indian ink to the water con- 
taining the material; they can also be stained with methylene 
blue or methyl violet in aqueous solution^. 

In preserving Algae for future examination, the fluid used will 
depend on the nature of the material and the purpose for which 
it is ultimately required. The grosser features of cell-structure, 
such as usually suffice for specific determination, are well pre- 
served in many forms by a 2-4 per cent, solution of formalin 
(= 40 per cent, formaldehyde); such material is also usually in 
good condition for subsequent staining. Formalin is almost 
equalled by a dilute solution of picric acid, but this is not suitable 
for plankton. If only the cell-outlines and the structure of the 
cell-wall are required, there is no better preservative than a 

4 per cent, solution of potassium acetate (containing a trace of 
copper acetate). An equal volume of this solution added to the 
water in which the Algae are living is quite sufficient. The most 
difficult of the pigmented Protophyta to preserve are the 
Chrysomonadales, since most preservatives cause complete 
disorganisation; pure formalin has been advocated as giving 
fairly satisfactory results. 

If the finer features of cell-structure are to be studied, more 
careful fixation is required. The method to be employed will 
vary with the kind of material and the stains to be used sub- 
sequently and for each individual case can only be determined 
by comparison. No purpose would be served by an enumeration 
of the numerous fixatives in use^. Among the more serviceable 
may be mentioned chrom-acetic (70 c.c. 1 per cent, chromic acid, 

5 c.c. glacial acetic, 90 c.c. water), Bouin’s picro-formol-acetic 
(concentr. picric acid 15 c.c., 30 per cent, formalin 5 c.c., glacial 
acetic acid, 1 c.c.), and hot corrosive sublimate (3 grm., with 
glacial acetic 3 c.c., 50 per cent, alcohol 100 c.c.), the last used 
especially by Carter^ in studying the chloroplasts of Desmids. 
Small forms, previously preserved in formalin, may be allowed 

^ cf. also Deflandre, Bull. Soc. Bot. France, lxx, 1923, p. 738. 

- See also Schrdder, Verh. Nat.-med. Ver. Heidelberg, vii, 1902, p.. 141. 

* cf. especially as regards fixation and staining: v. Wellheim, Jahrb. 
Wiss. Bot. XXVI, 1894, p. 674; Chamberlain, Methods in Plant Histology, 
Chicago, 1924, p. 173 et seq.; Lemmermann, 1910, p. (12) et seq.; Smith, 
Plant World, xvi, 1913, p. 219. 

^ Ann. of Bot. xxxin, 1919, p. 218. 
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to dry on the slide, washed in water overnight, and then stained 
in situ. This often affords good results. The stains used will 
depend on the material and the structure to be studied; one 
of the most useful is Heidenhain’s iron-alum-haematoxylin^. 
Geitler^ advocates treatment of the living Algae with a boiling 
5-10 per cent, silver nitrate solution for a short time (30 secs, to 
5 mins.) as a method of fixing the cell-contents and at the same 
time bringing out the chloroplasts which take on a brown to 
black coloration. 

Some of the coarser Algae can be preserved by drying, either 
on paper or on slips of mica, but a fluid preservative is nearly 
always more suitable. The Myxophyceae alone give moderately 
good results, since on soaking out again in water they regain 
much of their original freshness and are usually found to have 
retained their bright colours. In examining exsiccata addition 
of a drop of concentrated lactic acid to the water in which the 
material is being soaked often affords very good results. 

Algae are best mounted in the fluid in which they have been 
preserved and the preparations may be sealed with gold-size 
or marine glue dissolved in xylol. Everyone who has had any 
experience of fluid mounts, however, knows quite well that if 
the specimens keep for a long time it is due more to good fortune 
than to any other cause. Even the best fluid mounts frequently 
begin to dry up after some time by the formation of air-bubbles 
in the centre of the slide which gradually extend towards the 
periphery. The only explanation of this is the porous nature of 
the thin cover-slip. Material can also be mounted in dilute 
glycerine which is then allowed gradually to concentrate before 
putting on the cover-glass^; the preparation can be sealed as 
described above. Such mounts are rather more permanent, but 
the material is liable to be distorted and, unless previously 
stained, to become too transparent. These objections apply still 
more forcibly to the use of glycerine gelatine. Material that has 
been stained for cytological investigation is generally mounted 
in Canada balsam according to the usual methods (cf. Chamber- 
lain, loc. cit.). 

For the investigation of Diatoms a somewhat different pro- 
cedure is adopted^. Since specific, and even generic, determination 
is as a rule based entirely on the structure and marking of the 

^ With reference to intra vitam staining of Algae, see especially Brand, 
1925, p. 290 et seq. A solution of methyl green in 1 per cent, acetic acid 
will often bring out nuclei. 

* Osterr. Bot. Zeitschr. lxxi, 1922, p. 116. 

* See Evens, Journ. Quekett Microscop. Club, xiv, 1922, p. 225. 

* cf. Smith, Synops. Brit. Diat. i, 1853, p. xxx; Meister, Kieselalg. d. 
Schweiz, 1912, p. 11 et seq. 
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siliceous membrane, it is necessary to get rid of all but the 
latter. This is most simply accomplished by boiling material con- 
taining Diatoms in concentrated nitric or sulphuric acids ; in the 
latter case small amounts of potassium nitrate are afterwards 
carefully added until the dark colour disappears. The resulting 
liquid is diluted with a considerable bulk of water, shaken up, 
and allowed to sediment; the clear liquid is poured off, fresh 
water added, the whole once again shaken, and this is repeated 
until the water no longer shows any trace of an acid reaction. 
For the more delicate forms less violent methods are appro- 
priate (cf. Lemmermann, 1910, p. (12)). A small drop of the 
sediment is then allowed to dry on a slide or cover-glass and 
mounted in Canada balsam, dammar, or styrax ; the last-named 
is especially suitable for the detection of the finest markings 
of the Diatom-valve. It is necessary to use very thin cover- 
glasses (No. 1), since for the investigation of the smaller species 
oihimmersion lenses have to be employed. 

In examining Algae, in following out their life-history, and 
in identifying them, they should always be carefully drawn to 
scale with the help of a camera lucida. This is the surest means, 
after determining the magnification, of obtaining accurate 
measurements^ and also the best way of impressing their 
diagnostic features on the memory. Great attention should be 
paid by all students of Algae to the characters of the cells, the 
structure of the cell-wall, the form and arrangement of the 
chromatophores, the presence or absence of pyrenoids, etc. 
No one can acquire erroneous ideas of such common genera as 
Ulothrix, Microspora, Tribonema, and others, if he has once 
realised their distinctive cell-features. It should however be 
understood that many Algae at times assume forms (e.g. the 
so-called Palmella-stages) that render their recognition difficult 
or impossible, so that a determination is only feasible if further 
material can be obtained from the same habitat at a later date. 
Especially in looking over a preserved sample, there is often 
much that is best left undetermined. 

The Cultivation of Algae 

In the investigation of the life-histories of Algae it is often 
desirable to cultivate them. This is most simply done by placing 
some of the algal material in a suitable nutrient solution, com- 
posed of pure mineral salts dissolved in glass distilled water, 
although sometimes good results are obtained in pure water. 

^ The dimensions of an Alga can also be determined directly with the 
help of a micrometer eye-piece, the result being expressed in terms of 
(thousandth of a millimetre). 
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A number of such solutions have been employed by different 
investigators with considerable success^. The cultures must be 
kept at a suitable temperature, which will vary with different 
types of Algae, although 20° C. is a good average temperature; 
the intensity of the illumination must also be controlled. Even 
under such circumstances, however, it must always be borne in 
mind that the conditions are not likely to be identical with those 
obtaining in the natural habitat of the plants, and strange forms 
may be developed which need not necessarily belong to the normal 
life-cycle. As far as possible such methods should always be 
supplemented by frequent study of the Alga in a state of nature. 
Where direct observation for a brief period is desirable, hanging- 
drop cultures often afford satisfactory results ; conditions, how- 
ever, readily become abnormal in such cultures after a little time. 

The majority of Algae occur in impure gatherings, in which 
one form is intermingled with a large number of others, partly 
Algae and Flagellata, partly other organisms (Bacteria, Fungi, 
etc.); it is only very exceptionally that one finds a practically 
pure growth consisting almost entirely of one algal form. In 
order to be able to study accurately the life-history of an Alga, 
however, it is frequently essential to have it in pure culture^; 
this is especially true of the simpler unicellular and colonial 
forms, and during the last 25 years much work has been done 
with such pure cultures. It is not difficult by one method or 
another to obtain a pure culture containing only one form of 
Alga^, but it is much more difficult to obtain such cultures free 
from admixture of Bacteria. 

Pure cultures of the larger Algae can often be obtained by 
transferring a single filament to a suitable sterilised nutrient 
medium with the help of a sterilised needle^. In the case of 

^ Klebs (1896, p. 8) used Knop’s nutritive solution, containing four parts 
calciiun nitrate and one part of each of magnesium sulphate, potassium 
nitrate, potassium phosphate; the three last are first dissolved in pure 
water and then the solution of the calcium nitrate is added, the whole being 
diluted to a strength varying between 0-2 and 0*5 per cent. Bristol (1920, 
p. 37) used a culture-solution having the following composition: 1 grm. 
potassium dihydrogen phosphate, 1 grm. sodium nitrate, 0-3 grm. magnesium 
sulphate, 0-1 grm. calcium chloride, 0-1 grm. sodium chloride, a trace of iron 
chloride, 1000 c.c. distilled water. 

* cf. Klebs, 1896, p. 175 et seq. 

® Beijerinck, Bot. Zeit. xlviii, 1890, p. 725; Klebs, 1896, p, 184; Chodat 
et Grintzesco, Comptes Rendus Congr. internat. Bot. Paris, 1900, p. 157; 
Grintzesco, Bull. Herb. Boissier, s6r. 2, v, 1902, p. 225; Richter, Ber. 
Deutsch. Bot. Ges. xxi, 1903, p. 493 (Diatoms); Wettstein, Osterr. Bot. 
Zeitschr. lxx, 1921, p. 23. 

* Full precautions must naturally be taken to ensure that all vessels, etc., 
used in these operations are completely sterilised according to the recognised 
methods. 
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unicellular and colonial forms a small quantity of the material 
should, be shaken up with a relatively large bulk of water and 
a drop of this transferred to the culture medium ; if this does not 
give a pure growth, the same operation may be repeated with 
a small portion of the culture. It may often be necessary to 
carry out this procedure again and again. The most satisfactory 
way of obtaining a pure culture is to start with a single indi- 
vidual. To accomplish this in the case of the smaller forms, 
however, requires much patience. The method depends on 
sucking up a single specimen with the help of a sterilised pipette 
from a small quantity of material placed in a watch-glass and 
observed under the low power of the microscope. 

Many workers with pure cultures have grown the Algae on 
gelatine or agar-agar and it is remarkable how large a number 
of diverse algal forms will thrive on such substrata; the growth 
is in the main confined to the surface of the medium. The remarks 
made above about the possible occurrence of unnatural conditions 
in algal cultures, however, apply even more strongly to such as 
are grown on solid media. Cultures of this kind have been of 
value in elucidating features of the life-histories of many forms^, 
but much that has been gleaned from them is of doubtful value 
from the point of view of a knowledge of the natural life of the 
lower organisms. Cultures on damp porcelain plates have also 
been tried with success. 

A direct investigation of the subterranean soil-flora is practi- 
cally impossible and cultures, in which the dried soil is added to 
a suitable nutrient medium, afford the only means of determining 
the algal organisms present^. A modification of this method in 
which diverse organic substances are added to water containing 
the soil often leads to an exceptional development of one or a 
few forms^. 

The Classification of the Pigmented Protophyta 
(Flagellata and Algae) 

It will be a familiar fact that, apart from the very frequent 
occurrence of motile reproductive cells (zoospores, gametes) in 
tjiie life-cycles of many Algae, there exist a large number of 
forms — ^many of them unicells (e.g. Chlamydomonas, cf. also 
fig. 1) — in which the ordinary individuals exhibit active move- 
ment throughout their vegetative existence. While the motile 
reproductive cells are invariably naked (save the gametes of a 
few species of Chlamydomonadaceae, see p. 62), the independent 
free-moving unicellular and colonial types are either naked or 

1 cf. e.g. Chodat, 1918. * cf. Bristol, 1920, p. 37. 

* cf. Jacobsen, 2^itschr. f. Bot. n, 1910, p. 147. 
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provided with a definite cell-membrane similar to that of 
other plants. Organisms possessing such a cell-wall, in so far 
as their cells were provided with chromatophores, have been 
classed among the Algae, whilst the naked forms have been 
referred to the Flagellata. The latter were also characterised by 
reproduction being effected by fission in the longitudinal plane, 
by the almost invariable absence of sexual reproduction, and 
by a ready capacity for cyst-formation. Included in the Flagel- 
lata are numerous colourless types some of which appear to be 
very closely related to the pigmented forms and may have 
originated from them secondarily. The flagellate characteristics 
just mentioned are not however purely confined to motile or 
unicellular types, since a large number of forms are known which, 
while showing these features, are sedentary throughout a great 
part of their life or exhibit a multicellular habit. 

A review of the different types of Algae and Flagellata shows 
that altogether analogous forms may in one class exhibit algal 
characteristics (possession of a cell- wall, sexuality, etc.) and in 
another flagellate characteristics (cf. supra). Thus, the majority 
of the motile unicells among the Isokontae are Algae, the 
equivalent forms among Heterokontae and Chry&ophyceae are 
Flagellates, and the same fact emerges if one compares other 
types of construction found in the different classes. It is there- 
fore probably unwise to stress too much the differences between 
algal and flagellate organisation. The algal characteristic of 
possessing a definite cell-wall is one which probably appeared 
at different stages in the evolution of the various classes of 
Protophy ta, and we shall certainly not go far wrong if, for instance , 
we regard the bulk of the Chlamydomonadales as scarcely less 
primitive by comparison than the Chrysomonadales. True the 
latter lack sexuality, but that also is a feature that has not 
necessarily originated in every phylum of Protophy ta (cf. My- 
xophyceae). Nor is the method of longitudinal division purely 
a characteristic of the Flagellates. For these various reasons it 
no longer appears logical to separate sharply Algae and Flagellata 
(altogether an impossibility in the class Heterokontae), the more 
so as much that is especially instructive from the standpoint of 
comparative evolution is altogether lost sight of when that is 
done. 

There are probably few who would doubt nowadays that an 
early phase in the evolution of the simpler pigmented Proto- 

^ Many of these are saprophytes, whilst others exhibit holozoic nutrition 
(i.e. ingestion of solid food), which is occasionally also met with in the pig- 
mented types and even in true Algae (cf. Pascher, Ber. Deutsch. Bot. Ges. 
XXXIII, 1915, p. 427). 
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phyta was in all cases a unicellular uninucleate organism pro- 
vided with special photosynthetic pigments lodged in more or 
less sharply differentiated parts of the cytoplasm, the chromato- 
phoresy and sooner or later acquiring special propelling organs 
in the shape of complex prolongations of the cytoplasm, the 
flagella or cilia. We may expect to find in the free-moving 
unicellular organisms of the present day a semblance of what 
these early forms of Protophyta were like. Moreover, we are 
justified in regarding the fundamental differences that they 
exhibit among one another as illustrative of diverse evolutionary 
trends that originated during the early beginnings of life, how 
and from what ancestry we know not. The classification of the 
innumerable types of motile unicells is still in its beginnings, 
the more so as new forms are constantly being discovered, but it 
is already clear that there are many different series. These are 
distinguished by the number and mode of arrangement of the 
cilia, the nature of the pigments contained in the chromato- 
phores, the forms in which the products of photos)mthesis are 
stored up in the cells, and by other less constant and therefore less 
important features^. 

Among the colonial and cellular (filamentous) Protophyta 
(both Algae and Flagellata) there are some which exhibit not only 
the same pigments in the chromatophores and the same photo- 
synthetic products as are found in certain series of motile unicells, 
but their motile reproductive cells (swarmers) exhibit the same 
type of ciliation (compare for instance the zoospore of Ulothrix 
(fig. 8, D) or Tetraspora with the individuals of a Chlamydomoruis 
(fig 1, A) or Carterxa (fig. 5, A); or the swarmer oiChrysosphxwra 
(fig. 2, G) with a Chromulina (fig. 1, C)). These resemblances were 
matters of frequent comment, but it was not uAtil nearly the 
end of the last century (cf. p. 8) that the full conclusion was 
drawn from them and the doctrine of the origin of the Algae 
from motile unicellular forms clearly expounded. Every class 
of Protophyta was conceived as beginning with motile unicellular 
types of a distinctive kind. It thus became apparent, thanks to 
the work of Borzi, Luther, and Bohlin, that the class of the 
Green Algae (Chlorophyceae) included members of two totally 
distinct classes (Isokontae and Heterokontae) sharply distin- 
guished from one another by the essential characteristics above 
mentioned (see also p. 295). In both these series more or less 
simple unicellular types and more elaborate multicellular 
“algal” forms were represented. There still remained however 
a number of series of motile unicells of which no higher “algal” 

^ cf. Siisswasserflora Deutschlands, Osterreichs, u. der Schweiz, x, 1914, 

p. 28. 
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members were known, and alternatively there were such large 
classes as the Phaeophyceae and Rhodophyceae of which no 
certain unicellular representatives had been discovered. 

The second half of this statement still applies at the present 
day, but the researches of Klebs, Pascher, and others have 
shown that in a number of classes, until recently deemed purely 
‘‘flagellate,” forms with “algal” organisation also exist (e.g. 
Chrysophyceae, Dinophyceae), and it is possible that in the future 
all the old flagellate groups will be shown to comprise some algal 
representatives. Whether that happens to be the case or not, 
we are justified in giving them equal status with the groups in 
which evolution of such forms has occurred. As regards the 
algal groups in which no flagellate representatives are known, 
they afford sufficiently clear evidence of a separate ancestry, 
either in the possession of swarmers of a distinctive type 
(Phaeophyceae) or, where these are lacking, in the presence of 
special pigments and photosynthetic products (Rhodophyceae, 
Myxophyceae) or other peculiar features (Bacillariales). 

On the basis of these considerations it is possible to distinguish 
the following 11 classes of pigmented Protophyta: 

I. Isokontae^, with chromatophores wffiich are pu^ ^reen and 
contain the same four pigments (two green, two yellow), and 
approximately in the same proportions, as in the higher plants. 
Starch is the customary form of storage of the products of 
photosynthesis, and pyrenoids are frequently present in the 
chromatophores. The algal members have a cell- wall in which 
cellulose is usually the main constituent. The motile cells (fig. 1, A) 
exhibit the same features and possess a number of equal cilia 
(commonly two or four) which arise from the front end of the 
swarmer and are all similarly orientated. In many members 
the cells contain one or few chromatophores. The majority of 
the representatives are “algal,” many exhibit sexuality, and 
the class is much more widely represented in fresh than in salt 
water. 

II. Heterokontae, with chromatophores which are yellow-green 
owing to the presence of an excess of the yellow xanthophyll. 
Starch and pyrenoids are absent, fat being the customary 
stofage-product. The “algal” members have a cell- wall which 
is often rich in pectic compounds and which is frequently 
composed of two pieces overlapping at their edges. Resting 
stages with a silicified membrane are of common occurrence. 
The motile cells (fig. 1, B) possess two very unequal cilia (or 
sometimes only one?) arising from the front end. As a general 

^ With reference to the groups Stephanokontae and Akontae, see 
pp. 220 and 224. 
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rule the cells contain a number of discoid chromatophores. The 
majority of the members are ‘‘ algal and the class is more widely 
distributed in freshwater than in the sea. Sexual reproduction 
has only been observed in a few forms. 



Fig. 1. Motile or other types of cell characteristic of the different classes 
of Protophyta. A, Chlamydomonas sphagnicola Fritsch & Takeda, from 
Keston, Kent ( x 1000) — Isokontae. B, Chloramoeba heteromorpha Bohlin 
(after Bohlin) — Heterokontae. C, Chromulina ovalis Klebs (after Klebs, 
X 1500) — Chrysophyceae, D, Ochromonas mutabilis Klebs (after Pascher, 
X 600>~Chrysophyceae. E, Glenodinium cinctum Ehbg. (after Schilling) — 
Dinophyceae. F, Gomphonema acuminatum ¥Aihg. {after Meister^ x600) — 
Bacillariales. G, Merismopedia elegans A. Br., stained cell showing the 
simple structure (after Acton, x2500) — Myxophyceae. H, Euglena 
viridis Ehbg. (after Lemmermann, x 550) — Euglenineae. J, Cryptomonas 
ovata Stein^ (after Pascher, x 1200) — Cryptophyceae. I, optical section 
of C. compressa Pascher ( x 1200). 

III. Chrysophyceae, with brown or orange-coloured ehromato- 
phores containing one or more accessory pigments (phycochrysin). 
Starch and pyrenoids are absent, fat and Jeucosin being the 
customary forms of food-storage. The majority o? the members 
are “flagellate’’ and are devoid of a special cell-membrane. 

^ The two cilia are not shown in the figure. 
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Many develop characteristic cysts arising endogenously and 
provided with an envelope composed of two, often very unequal, 
pieces (hg. 133, E, F) and frequently silicified. The motile cells 
(fig. 1, C, D) possess one or two cilia attached at the front end; 
in one series the cilia are unequal. The cells typically contain 
one or two laterally placed chromatophores. No sexual 
reproduction. The class is confined to freshwater. 

IV. Bacillariales {Diatomales\ with yellow- or golden-brown 
chromatophores containing, apart from the usual ones, an acces- 
sory brown pigment, diatom in. Bodies like pyrenoids often 
present; the products of photosynthesis are fat and volutin. 
All the members are ‘‘algal” in organisation, being either 
unicellular or colonial. The Cell-wall consists of a matrix of 
pectic substances strongly impregnated with silica, is always 
composed of several pieces and is commonly richly sculptured 
(fig. 1, F). No definite motile stages are known, but there is 
some slight evidence for their occurrence. This is a highly 
specialised class with a peculiar type of sexual reproduction 
(conjugation). Widely distributed both in freshwaters and the sea. 

V. Cryptophyceae^ with usually two large parietal chromato- 
phores showing very diverse pigmentation (commonly some 
shade of brown). Pyrenoid-like bodies occur, but are often 
independent of the chromatophores; the products of photo- 
synthesis are solid carbohydrates, in some cases starch, in 
others a compound akin to it. The motile cells (fig. 1, J) are 
pronouncedly dorsiventral, have two slightly unequal cilia, and 
possess a very specialised and characteristic structure. The 
majority of the members are of “flagellate” organisation and 
sexuality is only known in one form. The class is mainly marine 
and few forms are found in freshwater. 

VI. Dinophyceae {Peridiniea€)y with usually numerous discoid, 
dark yellow, brown, etc. chromatophores, containing a number 
of special pigments. The products of photosynthesis are starch 
and oil. The majority of the members are “flagellate,” but 
many possess a very elaborate envelope composed of a large 
number of often richly sculptured plates. The motile cells are 
provided with two furrows, the one transverse harbouring the 
transverse cilium, the other longitudinal constituting the starting- 
point for the longitudinal cilium which is directed backwards 
(fig. 1, E). Resting cysts of characteristic form are often pro- 
duced. Sexual reproduction probable. The class is more widely 
represented in the sea than in freshwaters. 

VII. ChloromonadaleSy with numerous discoid chromato- 
phores having a bright green tint and containing an excess of 
xanthophyll. Pyrenoids are lacking and oil is the assimilatory 
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product. The few members of this class that are known are 
'‘flagellate,” with two almost equal cilia (fig. 172). The class is 
restricted to fresh waters. Although superficially like Hetero- 
kontae, the detailed structure of the cells is altogether different. 

VIII. Euglenineae^ with pure green chromatophores, each 
cell usually with several. Pyrenoid-like bodies are present in 
some forms ; the product of photosynthesis is a polysaccharide, 
paramylon, which occurs in the form of solid grains of diverse, 
and often very distinctive, shape. Only “flagellate” members 
are known and the majority are motile with the help of one or 
two cilia which arise from the base of a canal-like invagination 
at the front end (fig. 1, H). There is a complex vacuolar system. 
Only one case of sexuality is known. The class is practically 
confined to freshwater. It is highly specialised and its affinities 
are quite obscure. 

IX. Phaeophyceae, with brown chromatophores containing, 
apart from the usual pigments, the yellow fucoxanthin. Pyre- 
noid-like bodies occur and oil is one of the storage-products. 
All the members are “algal,” many with a very complex 
structure, and all but a very few are marine (Brown Seaweeds). 
The motile reproductive cells have two laterally attached cilia, 
of which one is directed forwards and the other backwards. 
No British freshwater representatives are known. 

X. Rhodophyceae, with red, blue (especially among freshwater 
forms), etc. chromatophores containing, apart from the usual 
pigments, others like the red phycoerythrin and the blue phyco- 
cyanin. Pyrenoid-like bodies are often present and the product 
of assimilation is a polysaccharide, known as Floridean starch. 
Neither motile reproductive stages, nor “flagellate” members 
are known. The majority of the Rhodophyceae are marine (Red 
Seaweeds) and most exhibit a high type of organisation and a 
complex process of sexual reproduction. 

XI. Myxophyceae {Cyanophyce(ie),'^vfit\i a simple type of cell 
(fig. 1, G), containing at best only a very rudimentary nucleus 
(central body) and with the photosynthetic pigments diffused 
through the peripheral cytoplasm; the usual pigments are 
associated with the blue phycocyanin and others to produce 
various tints, very commonly a blue-green one. Pyrenoids are 
lacking and the products of photosynthesis are sugars and 
glycogen. No “flagellate” members are -known and motile 
stages are altogether lacking. There is no sexual reproduction. 
The members of this class are of simple organisation and exhibit 
simple methods of reproduction. They occur most abundantly 
in freshwater and terrestrial habitats, but are not uncommon 
in the sea. 
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It is quite probable that further research may necessitate 
an increase in the number of these classes; on the other hand, 
some slight evidence is accumulating for a nearer relationship 
between some of them (e.g. Chrysophyceae, Heterokontae, and 
Bacillariales^) and this may indicate a common origin in the 
remote past. Such views are briefly discussed under the appro- 
priate classes in the main part of this book. 

A reference to fig. 1 will show the essential characters of the 
type of cell, motile or otherwise, that is typical of most of these 
classes, but an adequate familiarity with each class is only to 
be obtained by a study of its chief members. The details of cell- 
structure are considered separately below (p. 32). In the first 
place it is well to undertake a consideration of 

The Main Types of Construction encountered among 
THE Pigmented Protophyta 

The motile unicelU which is found in so many series (cf. fig. 1), 
is commonly a more or less spherical, oblong, or pear-shaped 
body, approximately circular in cross-section, although flattened 
dorsiventral types occur in several classes (cf. Scourfieldia 
(fig. 6, D, E); Cryptomonas (fig. 1, 1, J); Phacus (fig. 178, H, I)). 
The extremity directed forwards during movement is spoken 
of as anterior and the opposite one as posterior. In most cases 
the organs of movement (flagella or cilia) arise at the anterior 
end, whilst the chromatophore or chromatophores occupy the 
posterior region or lie along the sides (cf. fig. 1). The nucleus is 
commonly situated near the middle of the cell. Where a cell- 
wall is present the surface-layer of the protoplast^ is constituted 
by a plasma-membrane, but in the numerous naked types it is 
developed as a more or less rigid periplast that either admits of 
extensive change of shape (so-called metaboly^ well seen in many 
species of Euglena) or gives the unicell a firm contour {Crypto- 
monas (fig. 1), Phacus (fig. 173, H, I)); it is distinguished from a 
cell- wall by the fact that it divides with the cell. The movements 
produced by the cilia vary somewhat in character, but are 
usually rapid. Many of the naked flagellate forms at times 
withdraw or shed their flagella and exhibit a creeping amoeboid 
movement, which is accompanied by marked change of shape 
and is only possible where the periplast is soft^. 

^ cf. Pascher, 1921. 

^ The term protoplast is used to designate the living cell-contents, apart 
from the dead cell- wall. 

* Such amoeboid movement also occurs at times in the reproductive cells 
of various Algae (cf. Pascher, Ber. Deutsch. Bot. Qes. xxvii, 1909, p. 14a 
and XXXVI, 1918, p. 852). 
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In many of the classes above distinguished there occur, side 
by side with the ordinary motile unicells, other types in which 
the cell is surrounded by a special, usually rigid and variously 
shaped envelope, provided with an apical aperture or apertures 
for the protrusion of the cilia and separated from the cell proper 
by a space (e.g. Coccomonas among Isokontae (fig. 18, N); 
Chrysococcus among Chrysophyceae (fig. 133, D) ; cf. also fig. 2, B). 
Such types may be spoken of as encapsuled.’^ They occur both 
among forms in which the normal individual is naked, and among 
those in which it is provided with a cell-wall, and a considerable 
number of such organisms within the different classes (especially 
Chrysophyceae) have adopted an epiphytic habit (fig. 2, A). 
These sedentary forms either retain their cilia or lose them. 

Another special development of the motile unicellular type 
is seen in the occasional colourless forms met with in certain 
series which, except for the absence of chromatophores, so closely 
resemble the pigmented forms that an undoubted affinity must 
exist (cf. Polytoma (fig. 4, F)). It is probable that with further 
research our knowledge of such secondarily colourless forms will 
be widely extended. Pascher^ has described a number of members 
of Chrysophyceae and Dinophyceae in which the normal condi- 
tion is amoeboid or rhizopodial (cf. p. 33), but such have not 
yet been observed in this country. 

Further evolution of the free-moving individual has taken 
place in the direction of the motile colony. Here varying numbers 
of unicells are aggregated together in different ways within a 
mucous envelope to form flat plates (fig. 7, A) or more usually 
spherical groupings (fig. 2, C; fig. 9, A), in which all the indi- 
viduals are alike and complete in themselves, although they do 
not normally occur separately; all contribute by the joint action 
of their cilia to the movement of the colony. Whilst in the 
majority of cases there is no appreciable differentiation among 
the individuals, a few Isokontae are known in which certain 
larger cells alone fulfil the reproductive functions, the others 
being purely vegetative (P/€odmn« (fig. 10, A); Volvox{fig.l2yA)), 
Such colonial forms are scarcely to be distinguished from multi- 
cellular individuals (cf. p, 64)^. 

In a very large number of cases, however, especially among 
the forms showing “ algal ” organisation, motility has disappeared 
during the vegetative phase and is resorted to solely at times of 
reproduction. The beginnings of this tendency are plainly dis- 
cernible among many of the free-moving unicellular types. Thus, 
in species of Chlamydomonas (Isokontae) and Chromvlina 

' Archiv f. Protistenk. xxxvi, 1915, p. 81 ; and xxxviii, 1917, p. 1 et seq. 

* Regarding the concept of a coenobium, see p. 52. 
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(Chrysophyceae) the individuals at times lose their cilia and 
undergo successive division with a simultaneous development 
of mucilage-envelopes, so that there result big gelatinous masses 
comprising numerous cell-generations (fig. 4, I) and sometimes 
attaining sufficient dimensions to be plainly visible to the naked 
eye. These “Pa/m^^Za-stages” are, in the case of the organisms 
just mentioned, merely temporary phases in the life-history, 
since sooner or later the contained cells acquire cilia and again 
adopt the swarming habit. 

A large number of genera are known, however, fn which this 
palmelloid condition is the permanent one (e.g. Palmella among 
Isokontae (fig. 2, E), Chlorosacctts among Heterokontae, Chryso- 
capsa among Chrysophyceae (fig. 188)), the reproductive cells 
alone exhibiting the swarming habit. All such forms are colonial, 
the individual cells, except for their aggregation within a common 
mucilage-envelope, being quite independent of one another and 
fulfilling all the functions of a living organism. The colonies are 
often of quite irregular and indefinite shape, like the Palmella- 
stages above mentioned, but in some cases the enveloping mucus 
possesses a definite form (Apiocystis (fig. 22), Sphaerocystis 
(fig. 16)). The mucilage is either secreted by the protoplasm of the 
constituent cells or arises by the gelatinisation of their mem- 
branes^. 

A variant of the type just considered in which the mucilage 
is produced locally, generally at the base of the cell, results in 
colonies which are dendroid in form, such as those of Chlqroden- 
dr on (fig. 2, D) among Isokontae and Colacium among Eugle- 
nineae (fig. 174, A). In Dinobryon (Chrysophyceae) somewhat 
similar dendroid colonies are free moving (fig. 187). 

In many of the motile unicellular types the individual comes 
to rest and draws in its cilia before division of the protoplast to 
form a new generation of free-moving unicells takes place. A 
prolongation of this sedentary phase, with an accompanying 
restriction of the swarming period, would lead ultimately to a 
motionless unicellular individual resorting to motility only at 
times of reproduction. This chlorococcoid condition is the per- 
manent one in a very large number of Isokontae (e.g. Chloro- 
coccum (fig. 28, C-F)) and is also encountered in many other 
classes (Botrydiopsis among Heterokontae (fig. 122, B), Chryso- 
sphaera among Chrysophyceae (fig. 2, F, G), etc.). A further step 
in the same direction leads to the complete disappearance of 
motility, the reproductive cells being motionless from the first 

^ cf. Klebs, Unters. Bot. Inst. Tubingen, ii, 1886, p. 888; Hauptfleisch, 
Zellmembr. u. HUllgallerte d. Desmidiaceen, Diss. Greifswald, 1888; 
SchrUder, Verhandl. Nat.-Med. Ver. Heidelberg, vii, 1902, p. 189, 
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and resembling the parent in all but size (azoosporic forms). 
Examples are seen in Chlorella (fig. 28, A, B), Odorobotrys 
(fig. 128), etc.^ The cells of the chlorococcoid types are commonly 
spherical, but other shapes are also realised. Among these uni- 
cellular sedentary forms there exists often a very strong colonial 
tendency, nowhere more highly developed than in the Isokontae 
where almost every conceivable type of motionless colony is to 
be met with; many of these colonies, in which the individuals are 
connected in various ways, possess a definite and distinctive 
shape (e.g. Pediastrum (fig. 28); Coelastrum (fig. 49); cf. also 
Coelosphaerium (fig. 185, A) among Myxophyceae). 

It is a characteristic of all the types of Protophy te construction 
so far mentioned that, when cell-division occurs, the products 
of division of the protoplast, unless they remain permanently 
naked, sooner or later become completely invested by new 
cell-walls of their own. The membrane of the parent-cell is 
either ultimately cast off or, in some of the colonial forms, 
becomes mucilaginous. In other words cell-division in these 
cases leads to the formation of new units, which are quite 
independent of the membrane of the parent-cell, and is thus 
really solely concerned with reproduction. The more highly 
evolved forms, however, are characterised by a type of cell- 
division (vegetative) in which the parent-cell becomes septate, 
the two units produced by the division of its protoplast being 
merely separated by the development between them of a strip 
of membrane which is joined laterally to the membrane of the 
parent'^. Among unicellular forms this type of cell-division is 
seen only in Pleurococcm (Protococcus) (fig. 86) and the doubtful 
genus Chlorosphaera^ (fig. 23, H). It is however the rule in all 
the filamentous Algae which in fact owe their special habit to 
the adoption of this method of vegetative division (see especially, 
p. 142) and to its taking place ordinarily always in the same 
(transverse) plane. We thus obtain the thread or filament, a row 
of cells which are firmly connected with one another, and such 
simple filaments are found in Ulothrix (fig. 51, A), Spirogyra, etc., 
among Isokontae, in Tribonema (fig. 181, A) among Hetero- 
kontae, and in a large number of Myxophyceae (Oscillatoria 
(fig. 191), etc.). The filament is the simplest form of the thallm, 
as the multicellular plant-body of the Algae may be conveniently 
called. 

Two modifications of this type of plant- body are frequent. 

^ See also Pascher, 1018. 

2 cf. however Pascher, Ber. Deutsch. Bot. Ges. xlii, 1924, p. 152. 

® Although a modifted process of division of this type prevails in Desmids, 
Diatoms, and many Chroococcales. 
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Fig. 2. Types of construction found among the pigmented Protophyta. 
A, Chrysopyosis bipes Stein (after Stein, x 490), encapsuled epiphyte. B, 
Trcxheknmnas rugulosa Stein (alter Stein, x 490), encapsuled swarmer. C, 
Syncrypta Volvox Ehrenb. (after Stein, x 490), motile colony. D, Chloroden- 
dron stibsalsum (Davis), Oltmanns (after Davis, x 190), dendroid colony. E, 
Palmella miniala Leibl. (after Chodat), small part of a palmelloid colony; 
at d a stage in division. F~G, Chrysosphaera nitens Pascher (after Pascher) ; 
F, chlorococcoid cell; G, zoospore. H, Stigeoclonium tenue Kiitz. (after 
Huber, fi'om Oltmanns, inconsiderably magnified), branched filament with 
prostrate and erect systems. I, Monocilia viridia Gern. (after G^rneck, 
X 890), simple branched filament. 
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If septa are developed in more than one direction, we get 
flattened expanses, such as occur in Prasiola (fig. 61, G) and 
the Ulvaceae (fig. 59) among Isokontae, and in Porphyra among 
Rhodophyceae. Such a condition is very rare among freshwater 
Algae. More frequent is the development of a branching fila- 
ment owing to the lateral outgrowth of more or less numerous 
cells, the outgrowths undergoing transverse septation like the 
main thread. Such branched filaments are to be found in all 
classes in which the filamentous habit has appeared and repre- 
sent in many cases the highest type of development that has 
been reached. Examples are afforded by Stig^oclonium (fig. 2, 
H), Phaeothainnion (fig. 141), Batrachospermum (fig. 177), 
Hapalosiphon (fig. 205), etc. A peculiar form of false branching 
is found in many Myxophyceae (p. 436). 

In many of the simpler unbranched filamentous forms all the 
cells are quite alike and every one is capable of growth and divi- 
sion and the formation of reproductive units. Such forms are 
little removed from colonies, except in the close association of 
their cells and in the fact that there is probably always some 
give and take at times of reproduction, since all the cells are 
rarely involved in the formation of spores or gametes, though 
potentially every one is capable of it. Moreover, in most cases 
such filaments, at least at first, tend to be attached to some 
substratum (other aquatics, pieces of wood or stone, etc.) by 
a specially modified basal cell (rhizoid)^, which in the mature 
condition generally has a very scanty protoplast and is usually 
incapable of forming reproductive elements ; these cells are often 
cemented very firmly to the substratum. Similar haptera are 
encountered in the branched filamentous types (e.g. Cladophora), 
but here there is often further-going division of labour. Thus, 
in some cases {Cladophora) growth and division are mainly 
restricted to the end-cells of the branches. In the more elaborate 
Algae {Cladophora, Batrachospermum) formation of reproductive 
cells is often practically confined to the ultimate branches, the 
principal (and sturdier) ones serving in the main only a support- 
ing function. In Drapamaldia (fig, 70) among Isokontae and 
Batrachospermum (fig. 177) among Rhodophyceae the cells of 
the main axes are much larger and differ somewhat in form 
from those of the laterals and in Drapamaldia they have only 
a scanty chloroplast. In such cases therefore there is pronounced 
division of labour between the different parts of the filament. 

Perhaps the most highly evolved type of filamentous plant- 
body is that which is characteristic of the Chaetophorales among 

' cf. Borge, Ueber d. Hhizoidenbildung bei einigen fadenfdrm. Cliloro- 
phyc., Diss., Upsala, 1894; W. and G. S. West, Ann. of Bot. xii, 1898, p. 82. 
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Isokontae. Here the thallus consists of a prostrate creeping 
portion performing the functions of a holdfast, and, arising 
from it, branched filaments which trail out into the water 
(fig. 2, H). All possible stages in the relative development of 
these two parts are met with in the different genera (cf. p. 174). 
By a compacting of the filaments of the prostrate base and a 
complete disappearance of the erect system, flat attached 
discoid forms have originated, such as are excellently illustrated 
by the common species of Coleochaete (fig. 81); similar types 
are seen in Hildenbrandtia (fig. 180) among Rhodophyceae, and 
in many Chamaesiphonales (p. 465). The differentiation of tlie 
thallus into a prostrate and an upright system is encountered 
also in the simpler members of the Phaeophyceae (e.g. Ecto- 
carpus) and Rhodophyceae, and it has been suggested^ that 
from forms showing this type of construction the two alternating 
generations of higher plants may have diverged. 

In a number of Algae considerable enlargement of the plant - 
body may take place without any septation occurring, so that 
a large multinucleate structure originates which is generally 
called a coenocyte. This siphoneom habit is most markedly 
developed among the marine Siphonales (Isokontae), but is well 
illustrated by the common Vaiccheria (fig. 120) and is also seen 
in Botrydium (fig. 132) among Heterokontae. Such forms are 
best interpreted as multicellular structures lacking the usual 
septation. 

In the classes Phaeophyceae and Rhodophyceae much more 
elaborate types of plant-bodies, with a bulky parenchymatous 
construction (cf. figs. 178, 179), have been developed, but in 
many cases these can be traced back to a simple filament. The 
bulk of the forms concerned are, however, marine and the few 
freshwater representatives of these classes show a relatively 
simple structure. 

Attention has already been drawn above (p. 4) to the space- 
parasitism exhibited by a number of Algae belonging to different 
classes and to the symbiosis that sometimes exists between such 
forms and their “host.” True parasitism is very much rarer, 
but is well seen in such tropical forms as Phyllosiphon and 
Cephaleuros^, 

In reviewing the types of construction encountered in the 
different classes one of the most striking facts that emerges is 
the parallelism of development exhibited in many cases. The 

^ Fritsch, New Phytol. xv, 1916, p. 233. 

* cf. Kuhn, Bot. Zeit. xxxvii, 1879, p. 322; Maire, Bull. Soc. Bot. France, 
LV, 1908, p. 162; Karsten, Ann. Jard. Bot. Buitenzorg, x, 1891, p. 21; 
Went, Zentralbl. f. Bakt., 2 Abt. i, 1895, p. 681. 
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motile unicell, the encapsuled type, the motile colony, the 
palmelloid, chlorococcoid, and filamentous types not only occur 
again and again, but quite analogous modifications of them are 
often to be found in different classes. With such facts before 
one it can hardly be doubted that evolution has progressed 
along similar lines in many, if not in all, series of Protophyta. 
Gaps are slowly filling up, but it is not to be expected that all 
the phases have been developed or preserved to the present day 
in every series. The table on p. 38 is intended to illustrate 
this parallel development, as far as it can at present be recog- 
nised, within six of the classes of Protophyta. 

The General Organisation of the Cell among the 
Pigmented Protophyta^ 

The shape of the cell in the organisms under discussion is 
exceedingly varied. Among the unicellular and simpler colonial 
types the cells are often spherical, though not uncommonly 
there is elongation in one direction so that the cell comes to be 
oblong or ellipsoid (fig. 183) whilst still retaining a circular 
cross-section. This is also the usual form in the filamentous 
types where the cells are almost invariably cylindrical or barrel- 
shaped. Among the more specialised unicellular forms (Desmids, 
some Chlamydomonadaceae, CryptomonaSy Fhacm) flattening 
of the cell may take place, so that the cross-section comes to 
be elliptical. In such cases the organism can be viewed from three 
aspects — the front-view when the broader face is presented to 
the observer (fig. 1, J ; 6, D), the side-view when the narrower face 
is seen (fig. 6, E), and the more or less elliptical end-view (cf. e.g. 
fig. 1, 1; 112, H). By contrast with the radial symmetry of most 
algal cells, such forms are isobilateral or, as in Cryptomonas 
(fig, 167, C), PhactiSy and some Diatoms (e.g. Epithemia (fig. 163, 
B)) zygomorphic (with only one plane of symmetry). 

In the majority of cases the cells are uninucleate, but multi- 
nucleate cells are found in a considerable number of the Iso- 
kontae (e.g. Hydrodictyaceae, Cladophoraceae) and numerous 
htrclei occur in the unseptate bodies of the siphoneous types 
{Vaucheriuy etc.). Among the more advanced members that 
have been investigated the nucleus does not appear to differ in 
any appreciable respect from that of higher plants. Within the 
nuclear membrane are found a chromatin network and nucleolus 
lodged in the karyolymph, and in division the chromosomes 
result from the network, whilst the nucleolus does not make 

^ It is impossible to do more than survey the cytological structure 
cursorily in a work of this kind. 
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1 Also in Vacuolaria (Chloromonadales). ^ Also in many Myxophyceae (e.g. Gloeocapsa). 

* Also in Oscillatoriaceae and Nostocaceae (Myxophyceae). 

* Also in Phaeopiiyceae, Rhodophyceae, and some Myxophyceae (Hapalosiphon, Stigonema), 
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any obvious contribution towards them. This is the case for 
example in Oedogonium^, Coleochaete^, Vamheria^y etc. In many 
other cases (e.g. Volvocales^, Chlorococcales®, Conjugatae®, 
some Rhodophyceae), however, the nucleus is characterised by 
a very poor development of the chromatin network, whilst the 
nucleolus contains much chromatin. In such nuclei, when 
stained, the nucleolus (here often called sl karyosome) appears 
deeply coloured and surrounded by an almost clear zone 
occupied by the karyolymph in which a few linin threads may 
be apparent. In Cladophord^ the nuclei may contain several karyo- 
somes. In the division of this type of nucleus the chromosomes 
arise either entirely or in great part from the nucleolus, although 
according to Berghs® a part of the latter, in Spirogyra, is not 
used in this way and corresponds to the nucleolus of an ordinary 
nucleus. Nuclei of the two types occur in closely related forms ; 
thus, whilst Spirogyra has a nucleus of the kind just described, 
Zi/gnema according to Kurssanow® has one of the ordinary type. 
No doubt transitions between the two also exist. Other special 
types of nuclei are referred to under the relevant groups (cf. 
especially pp. 895 and 409). The “central body” of the Myxo- 
phyceae is considered on p. 487. 

The photosynthetic pigments of the cell are usually lodged in 
differentiated parts of the protoplast, known as chromatophores^^ 
{chloroplasts in Isokontae), and each cell may contain one or 
more of these bodies. They are most commonly situated in the 
lining cytoplasmic layer just beneath the cell- wall and are then 
said to be parietal. In quite a large number of the Isokontae, as 
well as in the Bangiales, however, the chromatophores occupy 
the central region of the cell and are said to be though 
processes arising from them may extend for a considerable 
distance towards the periphery (cf. Prasiola (fig. 61, A-C), 
Trebouxia (fig. 28, K), many Conjugatae (fig. 100, 102, 108)) ; 

^ Klebahn, Jahrb. Wiss. Bot. xxiv, 1892, p. 289; v. Wisselingh, Beih. 
Bot. Centralbl. xxiii, Abt. 1, 1908, p. 189. 

* Allen, Ber. Deutsch. Bot. Ges. xxiii, 1905, p. 285. 

’ Kurssanow, Biol. Zeitschr. Moskau, n, 1912, p. 18; see abstr. in Just's 
Bot. Jahresber. 1918 (publ. 1921), 2 Abt. p. 4 OO 8 . 

^ Zimmermann, Jahrb. Wiss. Bot. lx, 1921, p. 261. 

* Bristol, Ann. of Bot. xxxi, 1917, p. 118; Smith, ibid, xxxii, 1918, 
p. 460. 

* Kauffmann, Zeitschr. f. Bot. vi, 1914, p. 725; Acton, Ann. of Bot. xxx, 
1916, p. 880; Berghs, La Cellule, xxiii, 1906, p. 55. 

^ Carter, Ann. of Bot. xxxiii, 1919, p. 475. 

* Berghs, loc. cit. p. 64. 

* Flora, CIV, 1911, p. 80. 

cf. Schmitz, Verhandl. nat. Ver. preuss. Rheinlande u. Westfidens, xl, 
1888, p.,1; and Jahrb. Wiss. Bot. xv, 1884, p. 1. 
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in the same way a parietal chromatophore may show processes 
projecting into the interior of the cell (e.g. Cladophora). Apart 
from occasional exceptions, the cells in the majority of the 
simpler forms (cf. fig. 1) contain only one or two chromato- 
phores, but these are often of distinctive and complex shape 
(e.g. fig. 93, 102, 157, D, E). In Algae possessing large cells 
(Oedogonium, fig. 87, A, Cladophora) the parietal chromatophore 
may become perforated to an appreciable extent so as to form 
a network. Numerous more or less discoid chromatophores are 
found in a parietal position in various Isokontae {DictyococctiSj 
Eremosphaerd (fig. 31), Vaucheria), in many Heterokontae 
(cf. fig. 131, A), centric Diatoms (fig. 146, E), Peridinieae (fig. 
168), etc. It is possible that the frequent dissection and perfora- 
tion of the large chromatophores of the simpler forms indicates 
the way in which these small discs originated^. 

Apart from the special pigments which are present and which, 
as already indicated above (p. 21), constitute one of the bases of 
classification, the distinctive features exhibited by the chromato- 
phores are often of great value in generic diagnosis. This will be 
readily apparent if the systematic portion of this book be con- 
sulted, and a further consideration is unnecessary at this point*. 
Attention may however be drawn to the fact that in a number 
of Algae the chromatophores are at times not at all well defined 
(e.g. Scenedesmus, Hydrodictyon^ Cladophora), and this is the rule 
in the Blue-green Algae, where there has been much controversy 
on the subject (cf. p. 439). According to Carter® the accumula- 
tion of much starch in the chloroplasts of the Isokontae may 
lead to their becoming much swollen and to the obscuring of 
their natural outlines. 

Associated with the chromatophores in several classes of 
Protophyta are bodies spoken of as pyrenoids^ which consist 
of colourless masses of protein, usually of a rounded shape, 
though not uncommonly angular. In the Isokontae, where they 
have been most studied®, they are embedded in the substance 
of the chloroplast and are enveloped by a sheath composed of 
small starch-grains which may be so closely aggregated that 
the individual grains are difficult to recognise. This pyrenoid- 
starch is of a more permanent character than that deposited 

^ cf. Oltmanns, Morph, u. Biol. d. Algen, in, 1923, p. 20; see however 
Carter, Ann. of Bot. xxxiii, 1919, p. 471. 

* The special literature relating to the chromatophores is cited under the 
individual families and genera. With reference to the occurrence of 
chondriosomes (mitochondria) in Algae, see Guillermond, Rev. gen. Bot. 
XXVII, 1915, p. 277, and Moreau, Bull. Soc. Bot. France, lx, 1918, p. 128. 

* loc. cit. p. 474, and Ann. of Bot. xxxiii, 1919, p. 222. 

^ Schmitz, loc. cit. p. 37. * cf. also p. 55. 
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in the general stroma of the chloroplast and is the last to dis- 
appear under conditions of starvation. Pyrenoids are also known 
in Bacillariales, Cryptophyceae, Euglenineae, and Rhodophyceae, 
but it may be doubted whether they are all of the same nature 
as those of the Isokontae, though they are probably analogous 
structures. In Diatoms they often form prominent bulges on 
the inner surface of the chromatophore, whilst in Cryptophyceae 
they commonly occur independently of the latter (fig. 167, p. 390). 
The pyrenoids of these forms are frequently “naked,” i.e. devoid 
of a special sheath, and this is also the case in some Isokontae. 
Pyrenoids have not been observed in the large classes Hetero- 
kontae, Chrysophyceae, and Dinophyceae. 

Pyrenoids are usually regarded as stores of reserve-protein, 
but they often show a curious degree of permanence which is not 
altogether in harmony with this view. The fact that in many 
cases the pyrenoids disappear more or less completely during the 
formation of reproductive cells may indicate that they (and the 
carbohydrate reserves which are often associated with them) 
are utilised more particularly for the development of such 
structures. Pyrenoids may be present or absent in closely 
related forms, whilst in some species their occurrence is variable 
(e.g. Deharya calospora (Palla) W. & G. S. West). In spite of this, 
however, the possession of pyrenoids, their number, and their 
position within the chromatophore afford features which are of 
considerable value for taxonomic purposes^. 

In many of the free-moving unicells and colonies, as well as in 
the reproductive swarmers of various Algae, there is found 
usually nearer the anterior end of the cells, a reddish or brownish- 
red dot or streak, the eye-spot or stigma (cf. figs. I, 3, D, 4). A 
similar structure is present in many colourless motile organisms, 
both of the Vegetable and Animal Kingdoms. As a general rule 
the eye-spot is apposed to the edge of the chromatophore or, if 
several chromatophores are present, to one of them. In Euglena 
(fig. 173, s) and Dinoflagellata (fig. I, E), however, it occupies 
an independent position. The accounts of its structure are some- 
what conflicting 2. It would seem that the red pigment is lodged 
in a slight thickening of the plasma membrane and in some cases 
at least a colourless lens-like body lies below (Cladophora) or 

^ The special pigmentation of the chromatophores and the assimilatory 
products associated with them are dealt with under the different classes in 
the special portion of this book. 

* Strasburger, Histol. Beitr. vi, 1906, p. 193; Franck, Archiv f. Hydrobiol. 
u. Planktonk. iv, 1909, p. 37; Rothert, Ber. Deutsch. Bot. Ges. xxxii, 1914, 
|). 91. The last regards the eye-spot as a modified chromatophore, which 
certainly seems correct in the case of the swarmers of Phaeophyceae. 
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above it (Goniumy, It is usually assumed that the eye-spot 
is an organ for the perception of light, but the experimental 
evidence in support of this suggestion is inadequate — in particular 
the absence of an eye-spot in many motile forms would seem to 
indicate that it cannot be of paramount importance. 

The flagella or cilia, by means of which movement is effected in 
the motile types, are prolongations of the cytoplasm. It has been 
usual to call the finer organs of the Algae cilia, and the coarser 
ones found in many Flagellata flagella, but it may be doubted 
whether the distinction is one that can be maintained on a 
scientific basis. It has been shown that the coarser flagella of 
many forms possess a rather complicated structure^, but re- 
garding the cilia of most Algae nothing is known. It would 
seem that a distinction can often be drawn between a more rigid 
tubular basal portion and a highly flexible distal portion which 
is regarded as the prolongation of an axial thread traversing 
the former. In many groups, where the swarmers have more 
than one cilium (e.g. Heterokontae, Cryptophyceae), they are 
differently orientated (cf. fig. 1) and appear to have different 
functions, whilst in Peridinieae the two cilia not only differ in 
these respects (fig. 1, E), but seem to have a different structure^. 

In many cases the cilia emerge from a specially differentiated 
]Dart of the protoplast (Strasburger’s kinoplasm) which arises as 
a thickening of the plasma-membrane and is well seen in the 
multiciliate zoospores of Oedogonium (fig. 88, B) and in those of 
Cladophora, The same structure seems to occur in the swarmers 
of many other Isokontae, and the little variously shaped beaks 
('‘Membranwarze” of the Germans) that project between the 
cilia in many species of Chlamydomonas, etc. (cf. fig. 78, H, I) 
are probably occupied by cytoplasm of the same nature. It is 
not, however, at present clear whether there is in all motile 
types such specially differentiated cytoplasm at the point of 
origin of the cilia. It has been shown in a considerable number 
of forms that the bases of the latter are occupied by readily 
stainable granules; sometimes two or more cilia arise from a 
common granule. Such basal granules have been identified with 
blepharoplasts, but their general occurrence in motile Protophyta 
is still in doubt. In Euglena\ Polytoma^, etc., the basal granules 
are connected by special cytoplasmic strands with other granules 
located near the nucleus. 

' Mast, Journ. Exper. Zool. xx, 1916, p. 6. 

^ Fischer, Jahrb. Wiss. Bot. xxvi, 1894, p. 187; Dehkiger, Journ. of 
Morphol. XX, 1909, p. 171 ; Oltmanns, loc. cit. in, p. 95. 

® cf. p. 893. ^ Haase, Archiv f. Protistenk. xx, 1910, p. 49. 

* Entz, ibid, xxxviii, 1918, p. 829. 
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The movements of the cilia are apparently in most cases very 
complex^ and have only been studied in relatively few forms. 
In the vast majority of cases the motile cell or colony rotates 
upon its own axis during its forward progression, but other 
types of motion are seen in Cryptomonas (cf. p. 891) and Scour- 
fieldia^. 

Like that of other plant-cells the protoplast of the organisms 
under discussion is usually provided with one or more large 
vacuoles. Exceptions are afforded by Prasiola, Pleurococcus^, 
and many Blue-green Algae. Not uncommonly there is a large 
central sap-vacuole and the cytoplasm forms a parietal layer 
beneath the cell-wall. In many of the simpler free-moving 
Isokontae there is an axial cytoplasmic strand containing the 
nucleus and extending from the posterior pyrenoid to the bases 
of the cilia at the front end. 

In motile cells, and occasionally in sedentary types (e.g. 
Asterococcus (fig. 17, H, cv)), there occur so-called contractile 
vacuoles^ of which there may be one or many (often two). These 
structures, though constant in position, exhibit a periodic con- 
traction of the plasma-membrane (tonoplast of De Vries), 
whereby their fluid contents are discharged into the surrounding 
cytoplasm. The contraction is usually a sudden one, but the sub- 
sequent enlargement takes place slowly (occupying from 15 secs, 
to a minute); often the vacuole disappears completely at the 
time of contraction, but in other cases it only undergoes diminu- 
tion in size. Where only two such vacuoles are present, they 
generally expand and contract alternately. In many of the 
flagellate forms (Chrysomonadales, Cryptomonadales, Eugle- 
nineae) there is a complex arrangement of contractile vacuoles 
emptying into a central reservoir (cf. especially fig. 172, B, 
C); in some cases (e.g. Euglenineae) this appears to discharge 
into a special canal-like invagination of the anterior end of the 
protoplast (fig. 178). The exact function of contractile vacuoles 
is still a matter of doubt; many regard them as an excretory 
mechanism. 

In many of the smaller Algae the cell-wall is a thin and delicate 
structure, but in the larger forms it tends to be more robust and 
in such cases a number of layers can usually be distinguished. 
Superficially there is a denser, darker-looking layer which is 
generaUy spoken of as a cuticle, but little is known as to its 
chemical nature, although it shows itself resistant to many 
reagents. In filamentous forms the “cuticle” is confined to the 

^ cf. especially Ulehla, Biol. Centralbl. xxxi, 1911, p. 645 et seq. 

» West, 1912, p. 827. » Fritsch, 1922, p. 14. 

* Pfeffer, Abh. mat.-phys. Kl. s&chs. Ges. Wiss. Leipzig, xvi, 1890, p. 836. 
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free surfaces of the cells and often appears continuous over con- 
siderable stretches. The remainder of the cell- wall in many 
Isokontae consists largely of a cellulose-like compound, giving 
a blue reaction with iodine and sulphuric acid or with chlor- 
zinc-iodide. In other cases (e.g. Heterokontae) it is composed 
of pectic substances (staining with ruthenium re^) and the 
same occur as the basis of the wall in Diatoms, where however 
there is a rich impregnation with silica. It is evident that many 
other compounds play a part in the formation of the algal celi- 
wall, but our knowledge of these matters is still in its infancy. 
Thickened walls are often markedly stratified (Cladophoraceae 
(fig. 68, D), Trentepohlia), Not uncommonly inorganic substances 
are deposited in or on the wall, e.g. the deposits of lime found in 
the Desmid Oocardium (fig. 116, D-E) and in various Myxo- 
phyceae, and the iron compounds frequent in the membranes 
of some Desmids, species of Trachelomonas, etc. As a general 
rule the cell-wall consists of a single piece, but in Desmids, 
Diatoms, and many Heterokontae the wall is composed of two 
overlapping pieces, which are sometimes of unequal size. 

The mucilage-envelopes and mucilage-accumulations found 
in so many Protophyta^ are in part modifications of the cell- 
wall, but in a large number of cases represent secretions of the 
protoplast, which, in the case of Desmids and Diatoms for 
instance, are emitted through definite pores in the membrane 
(pp. 255, 344). They fulfil very diverse functions, viz. to hold 
the individuals of colonial forms together, as a protection against 
desiccation in many terrestrial Algae, as a means of movement 
in some Desmids, etc. Their form is very diverse and in some 
cases they show marked stratification (fig. 18, E; 187, C-E) or 
a fibrillar structure. Filamentous Algae, like Spirogyra, which 
are provided with a mucilage-envelope, are not generally 
inhabited by epiphytes. 

Little can be said here about cell-division, the more so as details 
relating to special groups will be found in later sections. The 
division of the nucleus does not in many Protophyta differ 
fundamentally from that of higher plants. As a general rule it 
would appear to take place at night, although many exceptions 
are known. The nuclear spindle is formed in the usual way in 
most of the forms that have been studied, but in Euglena^ it is 
lacking and the chromosomes merely group themselves about 
the elongating nucleolus, which ultimately constricts into two 
halves as the chromosomes separate into two groups. In multi- 

^ See the literature cited in footnote 1 on p. 27. 

=* Keuten, Zeitschr. Wiss. Zool. lx, 1895, p. 215; TschenzofT, Archiv 1*. 
Protistenk. xxxvi, 1016, p. 137. 
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cellular forms the septum between the two daughter-nuclei 
most commonly arises practically independently of the nuclear 
spindle, as an annular ingrowth from the wall of the parent-cell 
which gradually extends across the latter till the protoplast is 
divided into two. This method of septum-formation is met with 
both in forms with uninucleate cells (e.g. Spirogyra), as also in 
the multinucleate cells of Cladophoraceae. Cases are however 
also known in which the separating wall is formed simultaneously ^ 
The division of the protoplast is accompanied by a division of 
the chromatophores which may take place at an earlier or later 
stage. The pyrenoids frequently divide at the same time, but in 
many forms they disappear during cell-division to reappear in 
each daughter-cell when the process is complete. Eye-spots and 
contractile vacuoles behave in the same way. 

In many filamentous Algae in which the septa become more 
or less appreciably thickened, obvious pits are formed within 
them (e.g. many Rhodophyceae (fig. 176, D), Trentepohlia, etc.). 
The pit-membrane in such cases is probably traversed by plas- 
modesmae, but such have only been demonstrated in a few forms 
(e.g. Volvox)^. Conspicuous protoplasmic connections are also 
observed in some Blue-green Algae (fig. 206), In a large number 
of the simpler filamentous Isokontae with relatively thin septa 
there is at present no evidence for the existence of any connec- 
tion between the protoplasts of adjacent cells. 

The Reproductive Processes 

The processes of reproduction encountered in the Protophyta 
may be considered under three headings, — vegetative, asexual, 
and sexual. The treatment at this point is only of a general 
nature and for details the individual classes and genera should 
be consulted. 

Vegetative reproduction. It is legitimate to class as vegetative 
all those processes of reproduction in^ wjiich p ortion,^ of t.hp 
p lant-body bec ome separated off to give rise t o ^w i ndividuals 
without an y obv ious chan ge^in ^the prot oplasts. Common 
examples are afford^lTby the breaking up ofTEe thfeads of many 
filamentous Algae into short lengths (so-called fragmentation, 
cf. fig. 57), whereby prolific multiplication often takes place 
resulting in the extensive tangles, known popularly as pond- 
scums. A j ^re. special case is the hormogon^-fc\rmji±j nr\ met with 
in the filamentous iBlue-green Algae (ci, p. 446), and here con- 
stituting the chief method of reproduction. One can include in 

^ e.g. TrerUepoMia (cf. Brand, Beih. Bot. Centralbl. xii, 1902, p. 204); 
also Oedogoniales (cf. p. 214). 

* Meyer, Botan. Zeit. liv, 1806, p. 192. 
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the same oategorY the ipofjp! o£ miil tjplipaiifkrL jaf many colonial 
forms by the splitting of the mature colonies into two or more 
parts (e.g. Piety os phaeriurn, Siinura Microcystis, cf . also 
fig. 136, A). The vegetative divisions of a Pleurococcus, of Des- 
mids, and of ^nany unicellular Blue-green Algae are essentially 
of the same kind, as also is the longitudinal division of most 
naked Flagellates. 

A more specialised type of vegetative reproduction is seen in 
relation to the formation of structures which are to tide over a 
period unfavourable for ordinary vegetative development. In 
these cases the cells involved underg o thickening of their mem- 
branes and at the same time plentiful reserves (oil, starch) 
accumulate within the protoplast; in some cases special pigments 
are formed, so that the cells assume a distinctive (often red) tint. 
Such structures are called ^. 9 ^ and are most typically 

developed in the filamentous forms (cf. fig. 53, I). Usually the 
cells thus modified ultimately round off more or less and separate 
from one another, so that each, cousti tutes a distine^’^r^ 
ductive jjnit, but in Cladophora and certain other forms this is 
not the case and rows of cells that have assumed this character 
during winter give rise later to new growth without falling apart. 
A special mode of akinete-formation, in w^hich only a part o f 
each parent-cell is used, is distinctive of itie genns^PUJuipIumf 
(fig. 65). The spores of Myxophyceae (fig. 197) can likewise be 
regarded as specialised akinetes (see also p. 44). 

Asexual reproduction^. The commonest method of asexual 
reproduction is by m^ns of zoospores. T hese are or^inaxilymai^l 
ciliate jiCQtaplasts, whi3i have been formed by a rej uvenescence 
of^he parent’s cells^. The first step in the development of zoo- 
spores seems in all cases to be a slight contraction of the proto- 
plast away from the cell-wall. OiilyjajijQgl o zoospor e- ma y l)e 

of cach ccll (Oedogonium (fig. 88); 
Microspora (fig. 52, C), etc.J or, more commonly, division of the 
contents into two, four, eight, or more parts (several hundred 
in Cladophora) takes place and an equivalent number of zoo- 
spores is produced. In t he majority ofthe /Mgae llip i^^Ug £r/^ni 
which th^zaospores are formed are not specially differentiated, 
but in 'Prentepohlia (fig. 8, B, C, G) and its^llles ceftai n cells 
become modified to form zoosporangia and the production of 
zoospores is confined to these. Liberation of the zoospores 

1 Wille, 1887, p. 492. 

2 It is not of course possible to draw a hard and fast limit between 
vegetative and asexual reproduction. 

® cf. Berthold, Protoplasmamechanik, Leipzig, 1886, p. 291 ; Strasburger. 
Hist. Beitr. iv, 1892, p. 62; Pascher, Bibliotheca Botanica, lxvii, 1907. 
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may take place through a specially prepared hole in the wall 
(many Ulotrichales (fig. 51, B)), by breaking open of the wall at 
one point {Oedogonium (fig. 88)), or by disrupture of the cell 
(Trihonema (fig. 131)). In many cases the zoospores at the 
moment of their liberation are surrounded by a delicate vesicle 
of a mucilaginous character (fig. 51, B), but this is of quite a 
temporary nature and disappears after a few seconds. 

Where numerous zoospores are formed from a cell, the fission 
of the protoplast may either take place successively (Ulothrix) 
or simultaneously (Hydrodictyon, Sorastrum). In such cases it 
would seem that, as a rule, the superficial plasma membrane and 
that bounding the central vacuole are not utilised in the produc- 
tion of the zoospores, ^o ospo r es of a very peculiar 
charagteristAo^ o f -J^xi^uch£xi(i» TheTarge multiciliate swarmer 
(n^ 3, A) formed within the special terminal zf^^por ^ngiiim- is;. 
probably to be regarded as a compound zoospore constituted by 
a large number of units that do not separate, since it includes 
the central vacuole and cilia arise in pairs opposite each nucleus. 

Zoospores would appear normally to be produced at the hei ght 
of vegetative activity and com monly at nighL The investigations 
of Klebs (1896) have shown that in many filamentous forms a 
change in external conditions acts^ as^a, gtimulms to ^^Dspore - 
foUQSlioQ^e.g. transfere nce froiin i Srin^o st ^water ( Ulothrix^ 
Oedogonium), change of "illumihationr transferenc^o water (in 
the case of terrestrial Algae like Hormidium and Vaucheria), etc. , 
Light always appears to inhibit zoospore-formation and trans- 
ference to a dark place or even into a diminished light-intensity 
often calls forth the production of s warmers. In many cases 
algal material that is brought indoors and kept healthy proceeds 
after a very short time to give rise to zoospores. 

The latter appear generally to show marked phototactic 
irritability, moving towards light of medium intensity, but being 
repelled by intense light^. Vari ous Ulotr ic hales and Chaet o- 
pho ^ftles produce two kind s of zo ospores with different photo- 
tactic sensitiveness (p. 144), The duration of movement is only 
known for a few forms, but appears to vary within wide limits 
in different Algae (between half an hour and a couple of days). 
Towards the end of the period of movement the zoospores of 
most filamentous and other sedentary forms seek out dark 
objects upon which they come to rest. As a general rule it is 
the anterior end of the zoospore that becomes fastened to the 
substratum; this is followed by the withdrawal of the cilia and 

^ Str^burger, Jenwsc^^e Zeitschr. xn, 1878, p. 551. The same features 
are exhibited by motile colonies (e.g. Volvox, cf. Oltmanns, Flora, lxxv, 
1892, p. 188). 
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the secretion of a cell-membrane, whilst the attached end 
broadens out into a variously shaped holdfast (cf. fig. 87, B). 

The zoospore affords a ready means of rapid dispersal within 
the fiuid medium at times of rich vegetative growth. In the case 
of motile forms with an “algal” organisation (e.g. Chlamydo- 
monadaceae) the production of new individuals by the successive 
division of the protoplast into two, four, or eight parts is quite 
of the same character, except that in this case the swarmers are 
provided with cell- walls from the time of their liberation and 
the naked phase is passed only within the parent-cell and is of 
brief duration. Of essentially the same nature is the fission of 



Fig. 8. Asexual and sexual reproduction in the Algae. A, Vaucheria tepens 
Hass., liberation of zoospore (after Goetz). B and C, Treniepohlia lolxthua 
(L.) Wallr., sporangia (after Brand, x240); C, shows detachment of 
sporangium. D, Ulotkrix zonata Kiitz., zoospore (after Klebs, x800). 
l^F, Chlamydomonas monadina, Stein, sexual fiision (after Goroschankin, 
E X 450; F x 600). G, Treniepohlia aurea (L.) Mart., thread with sporangia 
(after Gobi). H, Oedogonium Boscii Wittr. (after Klebahn), mature oogon- 
ium, showing ovum with receptive spot (r). I, O. pluviale Nordst., germina- 
tion of oospore (after Juranyi, x 270). 

the motile naked individual of a Chromulina, EiLgleruit etc., 
above referred to under vegetative reproduction. 

In many zoosporic forms it happens occasionally both in 
nature and under coifditions of culture that, after the pre- 
liminary steps have occurred and the zoospores are all but formed, 
a rounding off of the protoplasts takes place and a cell-wall is 
secreted around each. Such structures, which are to be regarded 
as arrested zoospores which have skipped the motile phase, are 
termed aplanospores^ (fig. 181, B and I). In some cases their 
membranes undergo thickening and the resulting cells, which 
are capable of a prolonged resting period, are then known as 

1 Wille, 1887, p. 492. 
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hypnospores. All such structures are liberated sooner or later 
by the breaking open of the membranes of the parent-cells. 

In a large number of Algae (manyChlorococcales) production 
of zoospores never takes place, but reproductive cells are formed, 
with or without division, by rejuvenescence of the protoplast; 
new cell-walls independent of those of the parent are then 
formed around the products, just as in aplanospore-develop- 
ment. It is probably legitimate to suppose that, in many cases 
at least, such forms have been derived from a zoosporic ancestor, 
but have adopted permanently the aplanosporic condition. The 
resulting daughter-cells in many of these Algae are absolute 
miniatures of the parent and acquire all the distinctive features 
(sculpturing of the wall, special outline, etc.) whilst still enclosed 
in the parent-cell (cf. figs. 27; 37, C; 38, A). In such cases one 
speaks of autospores and especially good instances are to be 
found in many Chlorococcales. The term autospore can be 
extended even to motile individuals which acquire the mature 
form, etc., before liberation (cf. Brachionionas (fig. 6, J)). 

Of a comparable nature are the gonidia'"’’ formed in certain 
Myxophyceae (p. 448) and the rnonospores (fig. 176) and tetra- 
spores of Florideae. A common method of asexual reproduction 
in many filamentous Myxophyceae is by means of spores 
(figs. 197, 203, A) which are however more of the nature of akinetes. 
They are produced from single vegetative cells which frequently 
undergo appreciable enlargement and marked thickening of the 
membrane. These structures, like the akinetes and hypnospores 
already mentioned, are resting-stages, often capable of remaining 
dormant for very long periods without loss of vitality. 

The cysts which constitute the resting-stages of most flagellate 
forms are in so far peculiar that in their production a definite 
membrane, not present in the ordinary vegetative condition, is 
secreted. Encystment takes place very readily in some cases 
(e.g. Euglena), In the Chrysomonadales (p. 315, and fig. 133, F) 
and Peridinieae (fig. 171, B) the cysts are of an exceedingly 
characteristic type. 

Sexual reproduction. The occurrence of sexual reproduction 
j)robably marks a relatively advanced stage of evolution among 
Protophyta, since this process is lacking in whole classes 
(Myx ophyceae. Chrysophvceae) and is ve ry^VT’e in aU types 
that are regarded as of relatively low organisation (Polyble- 
pharidaceae, the simpler Heterokontae, etc.). 

In many of the simpler Isokontae the sexual cells or gametes, 
which are always uninucleate, are not differentiated from one 
another and the forms m question are described as isogamous 
(e.g. Chlamydonumas ^fig. 5, D, S'), Ulothrix, Monostroma {hg, 59, 
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F-H, etc.)). In such cases the gametes originate by a division 
of the protoplast of the parent- cell into a number of small 
portions which are liberated in the same way as the zoospores. 
Such gametes are in fact outwardly often only distinguished 
from the zo ospores by their smaller ^ize , although there are 
sometimes differences in the number of the cilia and in other 
respects. Except in a few ^ecies of ChlRmydorno nadaceae, the 
ga metes are always naked . As a general rule they develop in 
the ordinary vegetative cells, though special ganietangia are 
found for in ^ance in Trentepoh lia. The fusing gametes usually 
become entangled By their cilia and either meet end to end 
(fig. 5, E) or become laterally apposed to one another (fig. 59, G). 
The product of fusion (zygote) often continues to move for a 
little time with the help of the cilia of the two gametes from which 
it has been produced (fig. 59, H), but soon rounds off and comes 
to rest (fig. 59, J). There are a considerable number of records 
testifying ^to the fact that attraction only exists between 
gametes from distinct individuals and that such alone undergo 
sexual fusion. This implies that, although morphologically 
similar, there are physiological differences between the sexual 
cells, even in these isogamous forms. 

In a considerable number of isogamous Algae slight differ- 
ences in the size of the two fusing gametes have frequently been 
observed, but this has become a fixed character in certain species 
and genera which are then described as anisogamom {Chlamydo- 
monos monadina (fig. 3, E, F) ; Pandorina, Aphanochaete (fig. 67)), 
The larger gamete is generally more sluggish in its movements 
and frequently comes to rest after a short time, being sought 
out by the more active smaller gamete. In Chlomydomonas 
cqccifcra Gorosch. the larger gamete is constitut2dby.an ordinary 
cell which loses its cilia^ndjjicajea^es-inl^z 

Such cases lead over to the oogamy which is met with in 
several advanced types of Isokontae. Here a large motionless 
female cell or ovum is fertilised by a much smaller active male 
ce ll>or sperma tosmd. In Sphaeroplea (fig. 66, E) the two types of 
gametes are formed in the ordinary vegetative cells, but in most 
oogamous Algae they are produced in special cells, the sexual 
organs. Of these ^he fe male or oogonium is usually enlarged and 
invariably d^evel^s but a single ovum (figs. 3, H; 121, A, oo), 
while the male or ant heridium gives rise to anv numbe r of male 
cells whic h are ciliated^nd very active in their movements. 
While the ovum is usually provided with one or more chromato- 
phores and plentiful food-reserves, the spermatozoids generally 
harbour only a small inconspicuous, often yellowish, chromato- 
phore and are destitute of food-stores. 
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It is characteristic of all freshwater Algae that the ova are 
retained within the oogonium, access for the fertilising spermato- 
zoid being provided by the development of an aperture in the 
membrane of the latter (cf. figs. 58, B; 90, C), through which at 
the time of maturation of the ovum a certain amount of proto- 
plasmic slime is often exuded (figs. 3, H; 121, A). The part of the 
ovum nearest the aperture commonly exhibits a colourless 
cytoplasmic area, the receptive spqt, and it is he ^ that th e pene- 
tration of the spemiatozoid takes place. In Coleochaete ptie 
oogoninfii is provided- with a long i]^ck, the tip of wEicirbreaks 
down to allow of the ent^ToF thV speirmafozoids which in this 
genus are sometimes completely colourless. 

All the known members of the Red Algae exhibit an oogamous 
sexual process of a very specialised kind. The spherical male 
cells Sire formed singly wit hin the anthe ridia (fig. 

175, C)and are invariably nnotinnl^s^ eo nvey^ 

jii^f^ssively by water-eiirrents to^ 7ie"Tongr neck or trichogyne of 
the female organ (cf. fig. 175, B and A). A compIetFabsence of 
motile power on the part of the fusing gametes is also character- 
istic of Conjugatae and Diatoms, where however isogamy 
usually obtains (see pp. 224 and 345). 

Where sexual differentiation occurs, the two types of sexual 
cells are either developed on the same individual (the monoecious 
condition, ^een in some species of Volvox (fig. 12, A), Oedogonium 
(fig. 89), etc. and the rule in Vaucheria (fig. 121)) or on distinct 
individuals (the dioecious condition). It would seem that, as a 
general rule, the production of sexual cells ensues when a con- 
siderable accumulation of nutritive materials has taken place 
and there is some check to vegetative growth. Klebs (1896) 
showed clearly tha t bright light is of major i mportance in stimu- 
lating the proHimSoTL-gf: gametes and this conclusion is also 
supported by direct observation in nature^. It is probable 
however that most Algae require to be in the right state, and 
it is only when that is the case that light acts as the determining 
stimulus. According to Transeau^ vegetative growth must go on 
for a certain time before reproduction is possible and the speed 
of the metabolic processes must attain a certain minimum rate 
or reproduction fails to occur. He finds that in Spirogyra (and 
probably also in Oedogonium) the time-interval elapsing between 
the first appearance of a species and the commencement of 
sexual reproduction depends on the temperature and the 
specific surface (i.e. total surface divided by volume). In nature 
sexual reproduction usually coincides with the time of maximum 

^ Fritsch and Rich, 1913, p. 68; cf. also Hodgetts, 1921, p. 28. 

* Amer. Journ. of Bot. iii, 1916, p. 126. 



INTRODUCTION 


47 


abundance of an Alga and very often, though not always, it 
marks the end of the period of active growth and is followed by 
more or less complete disappearance of the form involved. In 
many cases too it coincides with a low water-level, when 
relatively high concentrations of the water tend to occur^, 

The. prod ii^^ of gf^vna.! fngmn (zygn t<;^) nsimlly becom es en- 
velopeJsSo neror Jajto^jn .A . membrane Jtvhich, in most cases, 
undergoes considerable thickening and frequent^J3ev6lops a 
characteristic sculpturmg brnBecomes beset^ith spines, warts, 
etc. (figs. 66, t!). The contents are laden with food- 

reserves and frequently harbour quantities of a yellowish-red 
oil. resulting s trur.tiires^^re s poken o f as zygospores when 
they are the products of an isogamous or anisogamous fusion, 
and as oospores in the case of oogamous types. In most fresh- 
water Algae zygospores and oospores constitute resting-stages 
in the life-cycle, although this is not so in the Rhodophyceae. 
In Coleochaete the oospore becomes encased in an envelope 
formed by the outgrowth of threads from the adjacent cells of 
the gametophyte, but this is the only case of the kind met with 
in freshwater Algae (cf. fig. 68, A, o). 

The fusion of the cytoplasm of the gametes is accompanied 
by a fusion of the nuclei, which may either ensue almost im- 
mediately or be more of less appreciably delayed; in many 
Conjugatae nuclear fusion is apparently postponed until the 
time of germination of the zygospores^. In many isogamous 
forms the chromatophores contributed by either gamete seem 
to persist in the zygote®, although in the case of Spirogyra^ those 
of the male gamete (cf. p. 236) disintegrate soon after fusion. In 
oogamous forms the chromatophore- content of the oospore is 
likewise entirely derived from the female cell, since the male 
gametes at most include but a very reduced chromatophore. 
The young zygote of Isokontae usually harbours appreciable 
quantities of starch, most or all of which is subsequently con- 
verted into the fat which forms the principal food-reserve in 
the resting spore and is gradually used up during the first stages 
of germination. 

Among isogamous forms the sexuality of the gametes is often 
riot very pronounced and, in the absence of fusion, they may at 

^ cf. Hodgetts, 1921, p. 7. Transeau’s results for Illinois (Trans. Amer. 
Microscop. Soc. xxxii, 1918, p. 87) would hardly apply to smaller pieces of 
water in this country. 

* Klebahn, Ber. Deutsch. Bot. Ges. vi, 1888, p. 160; and Jahrb. Wiss. 
Bot. xxn, 1891, p. 420. 

* cf. for instance Dodel, Jahrb. Wiss. Bot. x, 1876, p. 501, 517 ; Pascher, 
Ber. Deutsch. Bot. Ges. xxxiv, 1916, p. 284. 

* TrOndle, Bot. Zeit. lxv, 1907, p. 196. 
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times behave as zoospores and give rise to new plants. In the 
more specialised types, however, the sexual cells are generally 
incapable of further development, if they fail to achieve a union. 
As a matter of fact very few examples of parthenogenesis (de- 
velopment of an ovum without fertilisation) are known among 
freshwater Algae, although in various cases such parthenogenesis 
has been induced by experimental means (cf. pp. 237 and 292)^. 

The germination of the sexually produced spores has so far 
only been observed in relatively few cases, although data exist 
with respect to this point for most of the genera in which sexuality 
occurs. It is a significant fact that, with very few exceptions 
(e.g. V aucheria), the zygospores or oospores as the case may be 
do not give rise directly to a new generation. During germina- 
tion the nucleus divides two or more times, and this is usually 
followed or accompanied by a division of the protoplast leading 
to the formation of -a number of asexual reproductive cells, 
which are liberated by rupture of the thick membrane, and each 
of which can form a new individual. In various Isokontae the 
zygote in germination gives rise to zoospores which, after a 
period of swarming, produce the new plant in the usual way 
(Oedogonium (fig. 3, 1), Ulothrix). Among Conjugatae, where two 
nuclear divisions invariably occur in the germinating zygospore, 
one (Zygnemales), two (Desmids), or four (Mesotaeniales) in- 
dividuals may result, the unused nuclei gradually degenerating. 
Except among the Bacillariales, where quite special conditions 
obtain (p. 346), the first nuclear division in the zygote is prob- 
ably always a reduction-division, although the actual fact has 
only been demonstrated in a very limited number of cases. 

The diploid 2 phase in the life-cycle is thus in all freshwater 
Algae (excluding Bacillariales) restricted- to the zygospore or 
oospore and, regarded purely from the cytological standpoint, 
these are the only phases comparable with the sporophyte of 
the higher plants. This sporophyte can be interpreted as com- 
prising merely a sporangium within^ which are produced spores 
giving rise to the ordinary phase, the gametophyte (haploid^ 
generation). In so far as one accepts such an interpretation, 
most sexually reproducing freshwater Algae may be said to 
show slight indications of antithetic alternation of generations. 

In Coleochaete among Isokontae and in the Nemalionales^ 

^ A convenient summary is given by Winkler (Progressus Rei Bot. ii, 
1908, pp. 305, 387). 

2 The diploid phase has nuclei with twice as many chromosomes as the 
haploid phase. 

* Many of the marine Rhodophyceae exhibit a more complex alternation, 
differing from that of the freshwater forms here described (cf. p. 420). 
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among the Rhodophyceae, however, the oospore undergoes a 
more or less extensive vegetative development before proceeding 
to form the reproductive cells that give rise to the gametophyte. 
In Coleochaete the oospore divides into 8 or 16 cells, each of 
which produces a zoospore (fig. 68, B), whilst in the Nema- 
lionales the fertilised carpogonium puts forth a number of short 
filaments (fig. 175, A), some of whose cells form the carpospores 
which give rise to a new thallus. In these special cases, as far 
as our knowledge goes, the reduction-division takes place at 
the same point in the life-cycle as in other freshwater Algae, so 
that the vegetative development of the oospore is cytologically 
but a phase of the gametophyte. Some authorities have however 
been inclined to regard these Algae as showing a more advanced 
type of sporophyte, in which reduction still takes place at the 
commencement instead of at the end of the sporophytic phase^. 

Although the meeting together of the sexual cells in the case 
of most of the Algae depends upon chance, the customary 
growth of the forms concerned in dense communities no doubt 
renders sexual fusion easy of accomplishment. At the same time, 
since various species and genera usually occur intermingled, 
the production of hybrids is to be expected. That, so far, little is 
known of hybrids among freshwater Algae is no doubt due 
to our imperfect knowledge of most algal species and to the 
lack of consecutive observation of algal forms as they occur in 
nature. Hybrids have however been recorded in Spirogyra^, 
and Pascher^ has carried out experiments on hybridisation in 
Chlamydomonas, His methods may well give scope for a more 
detailed investigation of the phenomena of hybridisation in 
Algae. 

Polymorphism, It has already been mentioned that at the 
present day the ideas as to widespread polymorphism, which 
were beginning to be abandoned when the first edition of this 
work was published, are no longer entertained. A consideration 
of the older unsupported views is therefore no longer necessary, 
but it should be realised nevertheless that the majority of the 
freshwater Algae show considerable plasticity, especially under 
diverse cultural conditions^. While this fact in itself is of con- 
siderable importance, it is only in relatively few cases that the 
diversity of forms appearing in such cultures is known to exist 

1 For a detailed consideration of alternation in Algae, cf. Bonnet, Progr. 
Rei Bot. v, 1917, p. 1 ; see also Fritsch, New Phytol. xv, 1916, p. 238. 

2 cf. Andrews, Bull. Torrey Bot. Club, xxxviii, 1911, p. 299; Transeau, 
Amer. Nat. uii, 1919, p. 109. 

* Paschel^, loc. cit. p. 228; see also Crow, Joum. of Genetics, xiv, 1924, 
p. 115. 

* cf. especially Chodat, 1918. 
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also under natural conditions. Few attempts have been made 
to follow up the facts gleaned from experiments with cultures 
in the laboratory by a study of the species in question in their 
natural environment. From the little that is known it seems 
probable that the degree of polymorphism exhibited in cultures 
is not usually realised in nature. 

Numerous established cases of polymorphism are mentioned 
in the special poi tion of this book. As examples may be mentioned 
the PalmeUa-stages, observed in unicellular and multicellular 
members of different classes; the "" Tetraedron-stages"" recorded 
in various Chlorococcales ; the occurrence of filamentous and 
thalloid phases in the life-cycle of species of Prasiola (fig. 61); 
the “ CAan^ra/ma-stages of BatrcLchospermum and Lemanea, 
etc. Such cases are often highly instructive and useful in 
elucidating the affinities of the Algae in question. 


First Edition 1904 
Reoissd Edition 1927 



CLASS I. ISOKONTAE 

Within the limits here adopted, the Isokontae correspond to 
the old group Chlorophyceae (Green Algae) shorn of the genera 
and species that have been gradually transferred to the class 
Heterokontae (p. 295) or Yellow-green Algae, established by 
Luther in 1899. Saving Wille (1909, p. 2) there has been no 
dissentient of authority to this separation, and there can be 
little doubt that the Isokontae and Heterokontae represent 
well-marked evolutionary lines which are probably not even 
closely related to one another. 

The Isokontae comprise a very large number of very diverse 
forms which enjoy a wide distribution in freshwater and ter- 
restrial habitats, but, with a few striking exceptions, are rare in 
the sea. The number of species exceeds the combined total of 
freshwater species of all the other algal classes. In conformity 
with the doctrine of a flagellate evolution, the essential character- 
istics of the class are to be found in the features of the motile 
stages, but many of the distinctive peculiarities are equally 
recognisable in the sedentary phases, and even groups in which 
motility is altogether lacking (e.g. Conjugatae) show a clear 
Isokontan stamp. These distinctive features are: (a) a pigmen- 
tation of the chromatophores apparently identical with that 
found in the higher plants, the two chlorophylls being accom- 
panied by only relatively small amounts of the yellow pigments; 
(5) the usual presence of pyrenoids in the chloroplasts ; (c) the 
customary production of starch as a food-reserve and its 
frequent accumulation near the pyrenoids; (d) the possession 
of cell-walls in which cellulose is usually a clearly recognisable 
ingredient; and (e) the presence in the motile phases of equal- 
sized and equally orientated cilia, usually borne at the end 
directed forwards during movement and commonly two or four 
in number. Reference to the figures and descriptions of Chlamy- 
domonas (p. 70) and Ulothrix (p. 152) will bring out plainly 
most of these points. 

In no other class of the Algae do we find such a striking and 
diverse development of those types of plant-body that must be 
regarded as primitive and that probably illustrate something of 
the innumerable attempts at the production of a soma that 
characterised the earlier phases of the evolution of plants. This 
diversity has particular interest since the Isokontae, in the 
pigmentation of their chromatophores and the course of photo- 


4*3 



52 


CLASS 1. ISOKONTAE 


synthesis, stand nearer to the main lines of evolution of the 
higher plants than any of the other algal classes. In contrast 
with the great range of simple forms it is noticeable that the 
Isokontae have not attained to any high degree of somatic 
development and, in this respect for instance, fall far short of 
the differentiation reached by the marine Phaeophyceae and 
Rhodophyceae. 

A large body of forms (Chlamydomonadales)i, well exempli- 
fied by the familiar Chlarnydomonas (fig. 5, H, I), are character- 
ised by normally existing as free-moving unicells, for which the 
motionless condition is only a passing phase in the life-cycle. 
Such forms differ essentially from the zoospores of sedentary 
types only in the usual possession of cell-walls and the prolonged 
retention of the capacity for movement. A few of them are 
naked “flagellate” forms (cf. Pyrarnimonas, p. 69, and fig. 4, C), 
but the vast majority of the Isokontae are of “algal” organisa- 
tion, and the class does not include quite such simple types as 
do the Heterokontae or Chrysophyceae. 

A second large series of forms (Chlorococcales) comprises 
those in which the dominant condition is that of a motionless 
unicell, which either still reverts to motility in connection with 
reproduction (Chlorococcum) or has completely lost the capacity 
for forming swarmers {Chlorella (fig. 23, A, B)). Both here and 
among the motile forms colonial developments are frequent. 
These have resulted, among Chlamydomonadales, in the pro- 
duction of such striking types as Pandorina (fig. 8) and Volvox 
(fig. 12), in which all the cells have cilia and all contribute 
equally to the movement of the colony. Among Chlorococcales 
there exist a host of diverse forms in which almost every 
possible type of colony would seem to be realised (cf. Pediastrum 
(fig. 28), Dictyosphaerium (fig. 44), Coelastrum (fig. 49), etc.). 

Many of the colonial types among Isokontae are distinguished 
by a certain degree of individuality finding expression in the 
fact that the number of cells composing the colony is practically 
a constant (often some multiple of four) and is fixed in the early 
stages of development, no cell-division occurring after the em- 
bryonic phase, until the time arrives for the production of a new 
generation. Such definitely integrated colonies are spoken of as 
coenobia and are manifestly not far removed from individuals. 
In Pleodorina (fig. 10, A) and Volvox (fig. 12), the coenobia even 
exhibit division of labour among the cells, only some of which 
are employed for reproductive purposes. It is not improbable 

^ It is advisable to read the matter on pp. 25-50 before proceeding 
with the following. The general account of the Isokontae is brief, in view of 
the detailed consideration of the different groups. 
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th^t some of the coenobial Chlorococcales may have originated 
direct from free-moving coenobial forms, and neither in this 
respect nor in the evolution of the unicellular types of the former, 
is it at all necessary to assume a monophyletic origin from 
primitive motile types. 

A less specialised kind of colony is afforded by the palmelloid 
members (Tetrasporales) of the Isokontae, which by way of the 
Pahnella-stages (p. 65) of Chlamydomonas, etc., are so closely 
linked up with the Chlamydomonadales, that they are best 
placed with the latter in a common group, the Volvocales. In 
this may also be included the dendroid Chlorodendrales (p. 66). 

Volvocales and Chlorococcales, apart from possessing the 
characters typical of Isokontae, also agree in the complete 
absence of vegetative division (cf. p. 28). Cell-formation in 
them is a process of rejuvenescence^ of the protoplast and is 
always closely linked up with reproduction. As long as vegeta- 
tive division is lacking, however, the potentialities of the 
organism are distinctly limited. It was the development of the 
capacity for septation that led to the evolution of the higher 
filamentous forms and so of the higher plants. In such vegeta- 
tive division the daughter-cells become separated by a septum 
which is common to both and for the rest they remain enveloped 
by the membrane of the parent. Only one member of Chloro- 
coccales, in which this mode of division occurs, has become 
known, viz. Chlorosphaera (cf. p. 107), and that is very possibly 
a reduced filamentous form. The segmentation of the zoospores 
of Ulothrix, Stigeoclonium, etc., after coming to rest, however, 
fully illustrates the effect of this method of division in a uni- 
cellular individual. According as it takes place repeatedly in 
the same plane or in more than one plane, we obtain a filament 
(Ulothrix) or a cellular expanse (Ulva), 

It can scarcely be questioned that the filamentous Isokontae 
have originated in this way from unicellular types by the in- 
ception of vegetative division^ and again their origin is doubtless 
polyphyletic, even perhaps as regards the forms included in one 
and the same group in the following treatment. The ^formation 
of reproductive cells (zoospores, gametes, etc.) in all the fila- 
mentous types is, however, invariably accomplished by re- 
juvenescence of the protoplast. 

It is unnecessary to trace out at this point all the varied develop- 
ments of the filamentous habit among Isokontae. The forms in 
question are classed in the five groups Ulotrichales, Chaeto- 

^ Church (Oxford Bot. Mem. No. 3, 1919, p. 8) regards the freshwater 
Isokontae as highly reduced forms, but for this view there is not the slightest 
evidence (cf. Fritsch, New Phytol. xx, 1921, p. 166 et seq.). 
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phorales, Oedogoniales, Conjugatae, and Siphonales, of which 
the last represents a very distinct line characterised by lack of 
septation in the vegetative phase (e.g. VaiLcheria). Elaboration 
of the simple filament has been attained in several groups by 
branching and in some cases (Cladophora (fig. 64), Draparnaldia 
(fig. 70)) this is accompanied by differentiation of more or less 
specialised main axes. The most highly evolved morphological 
type among Isokontae is found in the Chaetophorales, where 
many genera (cf. Stigeoclonium (fig. 2, H), Trentepohlia) exhibit 
a differentiation of the thallus into a prostrate and a projecting 
system, a type of construction which finds its parallel in the 
simpler filamentous members of Phaeophyceae and Rhodo- 
phyceae (cf. Chantransia), By more or less complete reduction of 
the projecting system purely prostrate epiphytes (Aphanochaete 
(fig. 67), etc.) or even discoid types (Coleochaete (fig. 81)) result. 

The majority of the filamentous Isokontae (except Sphaeroplea 
and some Zygnemaceae) in young stages possess a special basal 
attaching cell, usually with scanty chlorophyll and more or less 
numerous lobes which flatten out against the substratum (fig. 
87, A); this hapteron mostly originates from the colourless 
anterior end of the zoospore. As the threads lengthen, however, 
they usually break away from their attachment and thereafter 
float freely. This is but the first step in the prolific vegetative 
reproduction by fragmentation that occurs in most of the 
filamentous forms (esp. Zygnemaceae), whereby the extensive 
floating tangles to which they owe the name of “pond-scums” 
are produced. Growth is usually intercalary, but in a few cases 
(e.g. Cladophora) there is a definite apical cell. The Oedogoniales 
are distinguished by a very specialised method of cell-division 
(cf. p. 214). 

In view of the immense range of form within the Isokontae, 
the cell-structure naturally exhibits considerable diversity. The 
cell-membrane, when thickened, frequently shows pronounced 
stratification (especially evident after treatment with strong 
acids); in the main it seems to consist of cellulose (blue with 
chlor-zinc-iodide), but in many of the filamentous forms an 
outermost layer, frequently spoken of as the “cuticle” and often 
appearing quite sharply defined, is chemically different. External 
to the actual membrane there are frequently present gelatinous 
pectose layers (not coloured by chlor-zinc-iodide), which 
exhibit all stages between insolubility and complete solubility 
in water and which often appear to be continuously exuded. 
The resulting envelopes of mucilage^ are best seen in many 

^ cf. especially Klebs, Unters. Bot. Inst. Ttibingen, ii, 1886, p. 883; 
Schroder, Verhandl. Nat.-Med. Ver. Heidelberg, vii, 1902, p. 189. 



CLASS 1. ISOKONTAE 


55 


Chlorococcales (fig. 43) and Conjugatae. Such envelopes are 
strikingly lacking in Vaucheria and Cladophoraceae which as 
a consequence provide a home for a rich epiphytic flora, unable 
to settle on a mucilaginous substratum. Mucilage-envelopes 
usually stain readily with aniline dyes, such as fuchsin, safranin. 
methyl blue, and gentian violet, and also become obvious on 
mounting material in a drop of water to which sepia has been 
added. The mode of origin of the mucilage-envelopes is in many 
cases by no means clear, but in the Desmids there are evident 
pores (fig. 102, C) in the cell-walls through which the mucus is 
excreted, whilst in certain other cases it appears to arise by 
gelatinisation of cell-membranes. 

The chloroplasts^ are well defined except in a few cases (older 
cells of Hydrodictyon, Sphaerellay Characium Sieboldii) and, 
apart from outward habit, form the chief basis for generic dis- 
tinction. Very often there is only one chloroplast in the cell, as 
in nearly all Volvocales, Chlorococcales, and many of the (ila- 
mentous forms. The type of cell prevalent among higher plants, 
with many small discoid chloroplasts, is exceptionally rare 
among Isokontae, though found in Eremosphaera (fig. 81) and in 
the Siphonales. Very elaborate types of chloroplast are en- 
countered in the Conjugatae, where there are usually two or 
more per cell. In most cases the chloroplasts lie in the lining 
layer of cytoplasm (i.e. are parietal), but central or axile chloro- 
piasts are not uncommon (cf. Aster ococctis, Trebouxia (fig. 23, K), 
Prasiola (fig. 61), many Desmids). Elaboration of the chloro- 
plasts is often apparently related to increase in the size of the 
cells. 

In the vast majority of the Isokontae the chloroplasts contain 
pyrenoids^, although these are regularly lacking in certain cases 
(e.g. Microspora, Vaucheria). Such pyrenoids consist of a central 
protein-body or ‘‘pyreno-crystal,” often rounded but sometimes 
angular, surrounded by a very characteristic envelope of small, 
closely apposed starch-grains which in rare cases appear to be 
confluent; this “starch-sheath” is often separated by a slight 
gap from the pyreno-crystal and in some Desmids is several- 
layered. Starch-accumulation is usually not confined to the 
neighbourhood of the pyrenoids, abundant mostly larger starch- 
grains being deposited during active photosynthesis in the 
general stroma of the chloroplast. In Hydrodictyon according 

^ The detailed literature is cited under the individual genera. An excellent 
general treatise was published by Schmitz (1882), but there have been 
many emendations. 

* Boubier, Bull. Herb. Boissier, vii, 1809, p. 451; Bourqiiin, Bot. Gaz. 
LXiV; 1917, p. 426. 
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to Timberlake^ and Cladophora according to Carter^, however, 
all the starch is derived from the pyrenoids. The starch-sheath 
of the pyrenoids possesses a greater degree of permanency than 
the stroma-starch, which is always removed first under condi- 
tions of starvation. 

The pyreno-crystal represents a store of reserve-protein, but 
the exact conditions that bring about the utilisation of this 
reserve are not yet adequately established. Starvation fre- 
quently causes a disappearance of pyrenoids, whilst, if cells are 
well nourished, they often increase in number. The pyreno- 
crystal may thus perhaps be compared with the protein crystal- 
loids that are not rarely encountered in the chloroplasts of 
higher plants, but the pyrenoids of most Isokontae seem to 
possess a strange degree of individuality that differentiates 
them from a mere food-reserve. Thus, in some forms possessing 
but one pyrenoid in the chloroplast (e.g. Pyramimonas^) the 
pyrenoid divides when division of the protoplast takes place. 
They also multiply without the occurrence of cell-division (e.g. 
in the chloroplasts of Spirogyra). On the other hand in many 
cases they seemingly disappear completely during cell-division, 
apparently arising de novo in the daughter-cells^. In a number 
of forms (e.g. Ankistrodesmus falcatus (Corda) Ralfs, Deharya 
calospora (Palla) W. & G. S. West) they may be present or absent 
according to circumstances. 

The majority of the Isokontae have uninucleate cells, but a 
multinucleate condition is seen in Cladophoraceae and, probably 
as a preparation for the formation of reproductive elements 
(zoospores, gametes), in several Chlorococcales such as Chloro- 
coccum and Hydrodictyon, A multinucleate condition also 
obtains throughout the Siphonales which can be regarded as 
unseptate multicellular individuals. In many cases the nucleus 
seems to differ but little in structure from that of higher plants, 
but there is frequently a scanty chromatin network, the bulk 
of the chromatin being lodged in the nucleolus or rather in its 
peripheral part. Such nuclei, and those of the ordinary type may, 
however, occur side by side within the same group. 

The methods of reproduction are naturally very diverse. 
Vegetative multiplication is of widespread occurrence and 
consists in the disrupture of the body into two or more pieces 
(e.g. Dictyosphaerium, many filamentous forms). Multiplication 

^ Ann. of Bot. xv, 1901, p. 624. 

* Ibid, xxxiii, 1919, p. 475. 

* Dill, Jahrb. Wiss. Bot. xxvin, 1895, p. 844. 

* cf. for instance Smith, Ann. of Bot. xxxii, 1918, p. 462; Hodgetts, 
New Phytol. xv, 1916, p. 114; Grove, New Phytol. xiv, 1915, p. 178. 
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by ordinary (vegetative) cell-division is characteristic of Pleura- 
coccus and Desmids. 

Asexual reproduction by zoospores is exceedingly abundant 
among the members of the class and affords a means by which 
rapid dispersal throughout a piece of water is effected. Zoospores 
are lacking, in the the Conjugatae, as^wSOT^^ 

1^^ the unicellular Chlamydo- 
monadales the daughter-individuals produced by division of the 
protoplast of the parent are comparable to the zoospores of the 
sedentary Chlorococcales, Ulotrichales, etc., whilst in the coeno- 
bial forms among Chlamydomonadales and in the Hydro- 
dictyaceae the daughter-coenobia may be regarded as produced 
from zoospores which have failed to become independent (cf. also 
the synzoospores of Vaucheria, p. 290). The zoospores are in- 
variably naked and formed from the protoplast only of tlie 
parent-cells, the latter producing either a single (Oedogoniales) 
or several swarmers. Specialised sporangia are rarely developed, 
but are seen for example in Trentepohlia (fig. 80). The zoospore 
itself is most commonly spherical or pear-shaped and possessed 
of a more or less marked colourless beak at the anterior end from 
which two or four cilia arise; in the Oedogoniales, however, there 
are numerous cilia forming a fringe at the base of the beak (fig. 88). 

Aplanospores (p. 43) are of frequent occurrence, both in 
forms normally producing zoospores (e.g. Chlorococcwn, Ulothrix) 
and as a permanent development in many genera obviously 
derivable from zoosporic types (e.g. Chlorella and allied Chloro- 
coccales). Akinetes are also commonly encountered [Ulothrix. 
Microspora, etc.). 

Sexual reproduction is known in most of the families of 
Isokontae, but is completely lacking in the autosporic Chloro- 
cofi^i^les. With the exception of the Chlorocd6Tatei?'''and‘ the 
purely oogamous Oedogoniales, it is possible in each group to 
distinguish both isogamous forms and others showing a more or 
less marked degree of anisogamy, often amounting to oogamy; 
in the Siphonales however the isogamous forms are marine. 
Oogamy has been attained by certain Chlamydomonadales, 
Cylindrocapsay Sphaeroplea, ColeochaetCy Oedogoniales, and 
Vaucheria, In general the oogamous representatives of the 
filamentous series occupy a peculiarly isolated position and are 
not easily related to the other fhembers of their groups. 

Apart from the Conjugatae, which exhibit a method of sexual 
reproduction peculiar to themselves, the gametes or at least the 
spermatozoids are motile. In the isogamous and anisogamous 
types sexual fusion occurs outside the parent, whilst the station- 
ary ovum of the oogamous types is invariably fertilised in situ^ 



58 


CLASS 1, ISOKONTAE 


The product of sexual fusion is almost invariably a thick- walled 
resting zygospore or oospore which sinks to the bottom of 
the water and, if the latter dries up, may be dispersed by 
the wind. The germination of these sexually produced resting- 
stages has been observed only in relatively few cases. It would 
seem that the first two divisions bring about reduction to 
the haploid number of chromosomes and not uncommonly lead 
to the formation of four individuals (Oedogoniales, Ulothruv, 
Mesotaeniales), although there may be only two or one. Coleo- 
chaete is the only member of Isokontae in which the zygote 
divides to form a multicellular structure which produces 
swarmers giving rise to the ordinary thallus. This apparent 
sporophyte is however haploid, since reduction occurs with the 
first division of the zygote nucleus. 

The Isokontae play a very important role in the subaerial and 
freshwater vegetation of the world. Such genera as Pleurococcus 
(Protococcus), Prasiola, Hormidium, etc., are common members 
of the terrestrial flora, whilst Zygogonium ericetorum covers 
acres of peaty and sandy soil in temperate regions. Many 
Isokontae are also known to occur in the subterranean soil-flora, 
although we have no data as to their abundance. 

Members of this class are found in most kinds of waters, 
although few are known from hot springs. Whilst some are 
practically ubiquitous, others are restricted to very definite 
habitats, many examples of which are mentioned in the following 
under the individual genera. A large number of the Isokontae 
occur in the freshwater plankton and many of the Chlorococcales 
(p. 100) and Desmids are very highly adapted to such a free- 
floating existence* A certain number are common epiphytes 
on larger Algae and other aquatics (e.g. Charadum, Aphano- 
chaete, BiUbochaete, etc.), a few are endophytes (cf. Chloro- 
chytrium, PhyUobium, Endoderma), whilst a limited number 
have become parasitic^. 

The Isokontae in this work are classified in seven groups 
which may be briefly characterised as follows : 

^ Volvocales. Unicellular or colonial, either motile through- 
out life (Chlamydomonadales) or forming sedentary colonies of 

^ Phyllosiphon Arisari Kuhn (a member of Siphonales, see Bot. Zeit. 
XXXVII, 1879, p. 322; and Maire, Bull. Soc. Bot. Prance, lv, 1908, p. 162) 
is parasitic on the leaves of Arisarum vtUgare and occasionally of Arum 
maculatum in Italy and the south of France, causing yellow spots, whilst 
other species of the genus have been recorded as parasites on the leaves of 
various plants in Ecuador (cf. Lagerheim, Nuova Notarisia, in, 1892, p. 120). 
Cephaleuroa (Trentepohliaceae) is parasitic on the leaves of various tropical 
plants, including Tea (Then sinensis), causing a serious disease of the latter 
(Mann and Hutchinson, Mem. Dep. Agric. India, i, 1907, Bot. Ser., No. 6). 
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a palmelloid (Tetrasporales) or dendroid (Chlorodendrales) type, 
the individuals of which readily revert to a motile condition. 
Almost exclusively freshwater. 

II. Chlorococcales. Unicellular or colonial, motionless in the 
ordinary vegetative condition and either reproducing by 
zoospores (Zoosporinae) or by aplanospores (Autosporinae). 
Almost exclusively freshwater. 

III. Ulotrichales, Filamentous, the plant-body consisting of 
a simple unbranched filament or cellular expanse with small cells 
and a parietal (Eu-ulotrichales) or an axile stellate (Prasiolales) 
chloroplast; or of a simple or often branched filament with large 
multinucleate cells and elaborate chloroplasts and either iso- 
gamous (Cladophorales) or oogamous (Sphaeropleales). A certain 
number marine. 

IV. Chaetophorales. Filamentous, plant-body often sharply 
differentiated into a prostr^ejand a projecting system, though 
the letter is often reduceSTlmd the former in some cases pseudo- 
parenchymatous and discoid ; in many genera hairs are developed, 
though this is not an invariable rule. Most genera isogamous. 
Mostly freshwater, 

V. Oedogoniales, Filamentous, filaments simple or branched, 
zoospores multiciliate, oogamous; division of cells characterised 
by intercalation of strips of membrane between the mother-cell 
and the distal end of the daughter-cell. Exclusively freshwater. 

- VI. Conjugatae Unicellular, colonial, or filamentous, usually 
with elaborate chloroplasts. No motile stages. Reproduction 
by cell-division and by conjugation. Exclusively freshwater, 

; VJI. Siphonales, Filamentous, threads without septa, coeno- 
cytic. Mostly marine, the only freshwater forms oogamous. 

There is little difficulty in discriminating between the five 
filamentous groups, or between the main bulk of the Volvocales 
and Chlorococcales. In a few genera of the latter group, however, 
in which abundant mucilage-production occurs, the mature 
colonies may come to resemble those of some Tetrasporales, and 
one may occasionally be in doubt about the assignation of a given 
formrlAfetention must also be paid to the cell-features, otherwise 
confusion^ith parallel forms belonging to other classes is likely 
to occur (ct. p. 83). 

GROUP 1. VOLVOCALES 

The normally motile members of the Isokontae, with their 
manifold modifications, are conveniently grouped together as 
Chlamydomonadales, the series taking its name from the im- 
portant genus CMamyd^mona^which. constitutes a central type. 
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The numerous forms belonging to this series are relatively well 
known through the work of Dangeard, Dill, Goroschankin, 
Chodat, Wille, Kofoid, Shaw, and G. S. West, They sometimes 
occur in prodigious quantity in stagnant water, giving it a pale 
green colour and a somewhat unpleasant odour, and are occasion- 
ally the cause of foulness of drinking water, imparting to it a 
distinctly oily taste^. According to Griffiths (1928, p. 208) they 
are associated with good aeration of the water, either through 
the photosynthetic processes of an abundance of macrophytic 
vegetation or through the inflow of aerated water; they are well 
represented in the plankton of the slower-flowing rivers. Some 
of the unicellular forms occur in brackish water (West, 1915, 
p. 73) and others are found in the soil (Bristol, 1920; Jacobsen*). 

The ordinary individual (figs. 4, 5, 11) is actively motile by 
means of two cilia (four in Pyramimonas and Carteria (cf. fig. 5, 
A)) which are generally directed forwards during movement, 
although in Scourfieldia (fig. 6, D, E) the cell moves with its 
posterior end foremost. In most cases the forward motion is 
accompanied by a rapid rotation of the organism upon its 
longitudinal axis. The cells invariably contain a single chloro- 
plast ' which, in the Chlamydomonadaceae, usually takes the 
form of a cup or bell open towards the anterior end and often 
strongly thickened in the posterior region where a median 
pyrenoid is commonly situated (fig. 5, H, I); the latter may 
however be absent or be differently located (Brachiomonas, 
Lobomonas), At the front-end the chloroplast thins out, so that 
the anterior part of the protoplast is colourless. Here the 
membrane is often thickened to form a more or less prominent 
beak on either side of which the two cilia arise, whilst the two 
contractile vacuoles (fig, 5, H, cv) characteristic of this type of 
cell are situated just beneath the points of insertion of the latter. 
The nucleus is usually suspended in the hollow of the chloro- 
plast. The structure just described is typical of many members 
of the Volvocales and may be briefly referred to in the subsequent 
matter as the Chlamydomonad type. 

In the ^haerellao eae (fig. 11), however, the chloroplast is less 
sharply defined, being a more or less reticulate structure occupy- 
ing most of the periphery of the protoplast and containing a 
number of scattered pyrenoids. The cell- wall moreover is strongly 
thickened and gelatinous and is usually traversed by simple or 
branched processes extending from the protoplast up to the 
firmer bounding layer of the membrane. There are numerous 
contractile vacuoles in the peripheral protoplasm. The differences 

' Whipple, Trans. Amer. Micr, Soc. xxi, 1900, p. 97. 

* .lacobsen, Zeitschr. f. Bot. ii, 1910, p. 145. 
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of cell-structure between Chlamydomonadaceae and Sphaerel- 
iaceae are sufficiently striking to warrant the assumption that 
they represent distinct evolutionary lines from the Isokontan 
ancestry. An eye-spot, variable both in form and position, but 
always in contact with the chloroplast, is present in both types 
of cell. 

A certain number of unicellular Chlamydomonadales possess- 
ing the Chlamydomonad type of organisation are characterised 
by lacking a cell-wall, with an accompanying power of slight 
alteration of the shape of the protoplast. Some of these, grouped 
as [^plyblepharidaceae {Pyramimonas (fig. 4, C), Polyblepharis), 
are perhaps" ^uhitively naked and transitional between the 
unknown flagellate ancestors and the algal members of the 
Isokontae. Support for this view is furnished by the absence of 
sexuality, by the fact that division is al\Yays longitudinal 
(fig. 4, D), and that cysts are readily formed^. In the case of 
Dunaliella (fig. 6, F), however, where a sexual process has been 
observed and the cell-structure is very similar to that of a 
Chlamydomonas, Pascher^ is probably right . in regarding the 
naked character as secondary. Polytoma (fig. 4, F) is a colourless 
Chlamydomonad which has lost its chloroplast, although still 
producing starch. 

A peculiar, and probably not natural, family is constituted 
by the Phacotaceae. where the cell is surrounded by a thick, 
often specially diflere hfiate^ pSnwp^^ (iii ii 4 j fesely 
pTotoplSSt {Pteromonas JS^lSy D-H)) or sej^rated from it by a 
Sjwce {Phacotus (fig. 18, B-C), Coccomonas (hg. 18, M)) ; in some 
caseg^t least there is a distinct cell- wall apart from the envelope 
(Coccomonas), The details of cell-structure are imperfectly 
known, but the cTiIorbplast would appear to be of the Chlamy- 
d omon a d typ e ^ -vri ^ t me or sometimes several pyrenoids. Two 
of the genera (Phacotus, Pteromonas) show ajmarked com^^ 
of the c^^ a co ndition also seen ampilg C Wamy domonadaceae 
in ScqurfielSia (fig. 6, D, E). " 

The commonest method of reproduction among these uni- 
ceU^ar ffi ims is an asexual one, thejndiyidu^^^ eith^ temaiiURg 
motip (fig. 6, J), Sphaerella, Pyramimonas) or 

withdrawing their cilia and comih^To“rest (Chlamydomonas, 
Phacoius), Where the organism is possessed of an envelope, the 
process is initiated by a slight contraction of the protoplast 
wHicK^thereupoh^u^^^ cohstnctibh along successive planes 

at right angles to one another* to form usually four or eight 

^ cf. Dill, Jahrb. Wiss. Bot. xxviii, 1895, p. 842. 

* Pascher, Hedwigia, lii, 1912, p. 288. 

* The first division-plane is longitudinal in some species, apparentl; 3 j 
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daughter-individuals. ^These generally acquire all the character- 
istics of the parent (the distinctive shape in Bfdchiomonas 
(fig. 6, J), the peculiar bivalved envelope in (fig. 18, A), 

etc.) before they are set free by the rupture of its membrane. 
In Pyramimonas (fig. 4, D) the number of cilia gradually in- 
creases during division, whilst in Dunaliella (fig. 6, G) each 
daughter-individual receives one cilium from the parent and 
forms the other de novo^. 

The sexual process in the forms under consideration is almost 
invariably isogamous, the only marked exceptions being 
afforded by Chlamydomonas coccifera Gorosch. and C. monadina 
Stein ; slight differences in the size of the gametes have however 
been noted in Brachiomonas, Dunaliella, and Chlorogonium. A 
sexual process is unknown in the Polyblepharidaceae and has 
not so far been recorded in all the other genera. The production 
of gametes takes place in the same way as in the asexual multi- 
plication of individuals, but division usually goes further and 
the resulting swarmers are smaller. The gametes are naked 
(fig. 5, D, E), except in a few species of Chlamydomonas (e.g. 
C. media Klebs) and in Lobomonas, where they are provided with 
a delicate membrane, marking a very primitive condition. In 
these cases the gametes either slip out of their membranes just 
prior to fusion or they meet by their anterior ends and a kind of 
conjugation-canal is established within which fusion occurs 2 . 
This is also the case in C, monadina, where however there is a 
sharp differentiation into large relatively inactive macro- 
gametes (female) and small actively motile microgametes (male, 
cf. fig. 3, E, F); in C. coccifera the macrogamete loses its cilia 
prior to fusion^. The zygote frequently continues movement for 
a short time, but sooner or later rounds off to form a thick- walled 
zygospore, often with reddish contents harbouring an abundance 
of oil. 

Encystment of the protoplast, frequently subsequent to 
escape from the cell-membrane, has been observed in Chlamy- 

transverse in others; in still other cases (Chlamydomonas longistigma Dill, 
etc.) division commences in the longitudinal plane, but before constriction 
is complete the protoplast gradually rotates through 90°, so that the process 
concludes in the transverse plane (cf. Dill, loc. cit. p. 830). Where the matter 
has been fully investigated, it appears that a similar rotation occurs also 
in those species in which division is apparently transverse (cf. Dangeard, 
Le Botaniste, viii, 1901, p. 25). 

1 The PcUmella-stages found in certain Chlamydomonadaceae are con- 
sidered on p. 65. 

- cf. Klebs, 1896, p. 429; Dill, loc. cit. p. 382. 

3 cf. Goroschankin, Bull. Soc. imp. Nat. Moscou, 1890, p. 507; and Flora, 
xciv, 1905, p. 420. 
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domonas gigantea Dill and is very common in Sphaerella (cf. 
p. 79); as above mentioned it also occurs in Pyramimonas. 

The colonial members of the Chlamydomonadales all form 
coenobia (cf. p. 52) composed of a definite number of cells. It 
appears that this habit has originated separately in Chlamydo- 
monadaceae and Sphaerellaceae^ and in both families has 
culminated in the development of a hollow sphere, beyond which 
further progress is impossible. In either case the simpler forms 



Fig. 4. A, Chlamydomonas globulosa Perty (after West, x 345), from 
Earlswood, Warwickshire. B, C. cleans G. S. West (after West, x845), 
from Sutton Park, Warwickshire. C-E, Pyramimonas delicatulus Griff, 
(after Griffiths, x600), from Stanklin Pool, Kidderminster; D, dividing 
individual; E, anterior view. F, Polytoma uvella Ehbg. (after Franck, 
X 500). G-H, Chlorogonium euchlorum Ehbg. (after Jacobsen, x645); 
H, dividing individual. I, Chlamydomonas monadina Stein, Palmella-stage 
(after Goroschankin, x 590). 5, eye-spot. 


exhibit arrangement of the cells in one plane {Gonium (fig. 7, A), 
Stephanosphaera), a production of daughter coenobia from each 
cell of the parent, and an isogamous sexual process. 

Among the Chlamydomonadaceae a very complete series is 
found showing a gradual increase in the number of cells and the 
size of the coenobium, and this is accompanied by a differentia- 
tion of reproductive from vegetative cells and a replacement of 
isogamy by oogamy; but the highest type of all is attained by 

^ cf. Crow, New Phytol. xvii, 1918, p. 151 et seq. 
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Volvox among the Sphaerellaceae (fig. 12). The_inature coeno- 
bium in all these forms is more or less spherical o r ellipsoidal. 
but in the early stages of its deyelopmejgLt it app ears as a flat pr 
slightly curved plate (plakea) which, by gradualmvolutibn during 
further cell-division, closes in to form a sphere. The last point 
on the sphere to close (phialopore) becomes the posterior end 
(aboral pole) of the new coenobium^. fn Pandorina S, A)i& 
more or less solid coenobium is produced by subsequent growth 
of the cells towards the centre, but in the other forms the sphere 
remains hollow (Eudorina (fig. 9, A), Pleodorina (fig. 10, A), 
Volvox (fig. 12)). Movement is effected by the combined action 
of the cilia of all the constituent cells and, as already indicated, 
one point on the sphere opposite the phialopore is always 
directed forwards; at the same time the coenobium rotates on 
its axis. As a general rule the cells in the anterior half have 
appreciably larger eye-spots. All the colonial forms so far 
mentioned have biciliate cells, but in Spondylomorum they are 
quadriciliate, as in Carteria. 

In Pandorina and Eudorina daughter-coenobia are formed 
from the divided protoplasts of all the cells of the parent (cf. 
fig. 8, B), but in Pleodorina and Volvox only certain cells (often 
called gonidia), which sooner or later become distinguishable by 
their larger size, fulfil a reproductive function, the remainder 
being purely vegetative; here therefore part of the parent 
ultimately dies away as the penalty of the greater specialisation. 
In Pleodorina illinoiensis Kofoid (fig. 10, A) all but four of the 
ceUs at the anterior end act as gonidia, but in P. californica 
Kofoid only those of the posterior half are reproductive. In 
Volvox^ where the coenobia comprise several thousand cells, 
only a very small number (1-25) are set aside as gonidia; the 
latter are again located in the posterior half, but are separated 
from one another by tracts of vegetative cells and betray their 
greater specialisation by losing their cilia at an early stage. There 
are considerable differences among the species of Volvox in the 
time of differentiation of the gonidia and the details of formation 
of the daughter-coenobia, features which have been carefully 
studied by W. R. Shaw and used by him as a basis for dividing 
up Volvox into a number of genera (cf. p. 81). 

The sexual process in these forms shows many points of 
interest. In Pandorina (fig. 8, C-H), where it has been only 

' For details see especially Merton, Zeitschr. f. wiss. Zool. xc, 1908, 
p. 464; Conrad, Rec. Inst. hot. Bruxelles, ix, 1918, p. 884; Grove, New 
Phytol. XIV, 1915, p. 178; Janet, Le Volvox, Limoges, 1912; Harper, Mem. 
Brooklyn Bot. Card, i, 1918, p. 154; Hartmann, Archiv f. I^tistenk. 
xux, 1924, p. 875. 



GROUP 1, VOLVOCALES 


65 


rarely observed, the fusing gametes are often somewhat different 
in size and behaviour, but in the other genera there is more or 
less pronounced oogainy. The coenobia are usually dioecious, 
although Eudorina is sometimes monoecious and so are several 
species of Volvox (cf. fig. 12, A). In Eudorina and Pleodorina 
every cell or nearly all the cells of the female coenobia constitute 
ova, whilst in the male each cell becomes an antheridium, 
developing by division of its protoplast a bundle of elongated, 
pale greenish or yellowish^ bi^^ spermatozoids^ (fig. 9, E, F). 
In Volvox matters are much the same, but only a limited number 
of cells develop as ova (fig. 12, A, g) and antheridia (a) and the 
former in the mature condition are devoid of cilia. After libera- 
tion the spermatozoid-bundles cohere for a time and approach 
the female cells, whereupon the individual sperms separate and 
fusion occurs. Reduction is stated to take place at the first 
division of the oospore in the case of Volvox^, 

In various species of Chlamydomonas and Carteria the asexual 
division-process, under certain unknown conditions, is modified 
through the failure of the daughter-cells to develop cilia and a 
progressive gelatinisation of the membranes of the consecutive 
generations. 'TTie' resulting Palmella^stsiges'' often attain to 
considerable dimensions and vary in appearance, according as 
the mucilage is diffluent or the strata formed by the successive 
mother-cell membranes remain distinct (fig. 4, 1). In the majority 
of cases these stages are only observed occasionally and are 
probably of brief duration, but in some species (e.g. Chlamy- 
domonas Kleinii Schmidle)^ they become the dominant condition. 
From such forms it is only a slight step to the Algaa grouped 
below as Tetrasporales, in which motility only occurs in connec- 
tion with reproduction and the cells of the colonies are held 
together solely by the mucilage in which they are embedded. 
A certain number of these forms, in which the four division- 
products of a parent-cell commonly remain grouped together, 
and structures known as pseudocilia (cf. below) are present, 
appear to form a natural group, the Tetrasporaceae. But it is 
also convenient to include in the Tetrasporales a number of 
other genera lacking these precise characteristics, but in which 
the cells are loosely embedded in copious mucilage. It is unlikely 
that these Palmellaceae constitute a natural family and the 
possibility of some of them being reduced forms must be kept 

^ Interesting observations on sex distribution in Gonium and Eudorina 
have recently been made by Schreiber (Zeitschr. f. Bot. xvii, 1925, p. 848 
et seq.). 

* Zimmermann, Jahrb. wiss. Bot. lx, 1921, p. 274. 

* Schmidle, Flora, lxXvii, 1898, p. 16. 
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in mind; many genera formerly placed here have now found a 
position elsewhere^. 

The cell-structure in all the Tetrasporales appears to resemble 
the Chlamydomonad type, the chloroplast being often cup- 
shaped and usually provided with a pyrenoid. The zoospores 
and isogametes — the latter observed as yet only in a few forms — 
are almost replicas of a Chlamydomonas-cell, except for the 
absence of a wall. The reproduction of most of the forms in- 
volved is however imperfectly known and would appear to vary 
considerably with the conditions of the environment, a very 
frequent phenomenon in lowly algal types. Thus, the zoospores 
of Tetraspora, on coming to rest, are stated either to divide with 
copious mucilage-formation to form a colony of the normal type, 
or to give rise to thick-walled resting spores with reddish 
intents, or to develop Palmella-stages of indefinite shape. 

The pseudocilia of the Tetrasporaceae are fine protoplasmic 
threads extending from the outer end of the cell to the surface 
of the enveloping mucilage (fig. 21, B); in Apiocystis (fig. 22) 
they even extend beyond the latter, the projecting portions 
being provided with special mucilage-sheaths of their own^. 
As a rule they are not readily seen before the application of 
appropriate stains (safranin, gentian violet) and are often very 
difficult to recognise. They vary in number from two to four in 
Tetraspora (fig. 21, B) to many in Schizocklamys (fig. 21, D). 
Functionally they have nothing to do with cilia, from which 
they also differ in length and other features ; when swarmers are 
produced the pseudocilia are discarded. They may have a 
respiratory function, a view which receives some little support 
from their projection in Apiocystis^ where the surface-mucilage 
is especially firm. 

A third line of development among the Volvocales has re- 
sulted in branched dendroid colonies (fig. 2, D), parallel with 
analogous forms found in other groups (cf. MischococcuSy 
Colacium). The colonies are produced in various ways, commonly 
by a one-sided secretion of mucilage (Hormotila (hg, 14)). Since 
the cells in many of these forms have a Chlamydomonad 
structure, a reference to the Volvocales is plainly indicated. The 
change on the part of the sedentary cells to the motile state is 
obviously accomplished with great ease and both the biciliate 

^ Thus Mischococcus (p. 302) has been transferred to the Heterochloridales, 
Oocardium (p. 283) to the Desmidiaceae, Dictyosphaerium (p. 184) to the 
Chlorococcales, Radiofilum (p. 157) and Hormoapora (p. 156) to Ulotrichales, 
etc. 

The projection of the pseudocilia shown for Tetraspora Ivbrica (Roth) 
Ag. in ftg. Ill, C of the first edition of this work certainly represents a very 
exceptional condition. 
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{Hormotilay Chlorangium) and quadriciliate {Chlorodendron, 
(fig. 2, D)) types are represented. Moreover eye-spots and con- 
tractile vacuoles are often recognisable, even during the sedentary 
phase. It is not improbable that these forms arose directly from 
the ancestral flagellate stock, and it is worthy of note that 
sexuality has so fai’ not been observed among them. Most, 
however, are very incompletely known and apparently of rare 
occurrence ^ 

Three series are thus distinguishable among the Volvocalcs, 
viz. : 


I. ChlamydomonadaleSy in which the dominant phase in the life- 
cycle is a motile one, the different genera being either unicellular or 
coenobial. 

II. Chlorodendrales^ in which the dominant phase is a sedentarN 
one, the individuals being united to form dendroid colonies. 

III. Tetnisporales, in which the dominant phase is again sedentary, 
the individuals being embedded in mucilage to form colonies with or 
without definite shape. 

The following scheme should aid in the identification of the British 
genera of the group : 

Series I. Chlamydomonadales, 

A. Unicellular, naked, chloroplast cup-shaped, lobed at the front 

end, four cilia Pyramimonas (Polyblepharidaceac) 

B. Unicellular or coenobial, cell- wall usually rather thin (cf. also 

Chlorogonium under C), chloroplkst typically cup-shaped with 
one or more pyrenoids usually located at the back end, two 
or four cilia Chlamydomonaddceac 

a. Individuals biciliate Chlamydomonndcav 

1. Unicellular. 

♦ Chloroplast present, 
t Cell-wall present. 

§ Cells not compressed, cilia of moderate length. 

0 Cells spherical, ovoid, or ellipsoid; pyrenoid, 
when single, median in position and usually 
at posterior end Chlamydomonrs 

00 Cells lobed, pyrenoid posterior and somewhat 
lateral Lobonionas 

000 Cells with a number of pronounced posterior 
arms, chloroplast rather indefinite, pyrenoid 
commonly anterior and lateral Brachiomonas 
§§ Cells markedly compressed, cilia about four times 
the length of the body Scourfieldin 

^ cf. Davis, Ann. of Bot. viii, 1894, p. 877 {Eugletiopsia Davis = C/doro- 
dendron Senn); Bohlin, 1897, p. 7; Fritsch, 1918, p. 494. 


5-2 
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ft Cell-wall lacking Dunalielht 

♦* Chloroplast absent Polytoma 

2. Coenobial. 

t Coenobium a flat plate of 4 or 16 cells Gonium 

ft Coenobium a compact sphere or ellipsoid of 16 or 32 
cells Pandorinu 

f ft Coenobium a hollow sphere or ellipsoid 

§ Coenobium without special gonidia Eudorina 

§§ Coenobium with special gonidia in the posterior 

region Pleodorina 

b. Individuals quadriciliate Carteria (Carterieae) 


C, Unicellular or coenobial, cell-wall relatively thick and traversed 

by protoplasmic strands (except Chlorogonium), chloroplast 
not sharply defined with scattered pyrenoids, two cilia 

Sphaerellaceae 

а. Unicellular. 

1. Cells fusiform, elongate, with a thin wall Chlorogonium 

2. Cells ovoid, with a thick wall traversed by protoplasmic 

strands Sphaerella 

б. Coenobial, of numerous cells, gonidia few Volvox 

D. Unicellular, with a thick envelope, separating into two or more 

portions (sometimes obvious in vegetative individuals) during 
reproduction, biciliate Phacotaceae 

a. Envelope of two more or less distinct valves, cells com- 

pressed 

1. Envelope rugulose, calcified, separated from protoplast 

by a marked space Phacotus 

2. Envelope smooth, silicified (?), closely investing the 

protoplast Pteromonas 

b. Cells not compressed, envelope separated from protoplast 

by a space 

1. Envelope ovoid or 4-angled, one cilial aperture, proto- 

plast with a distinct cell- wall Coccomonas 

2. Envelope asymmetrical, roughly ovoid, two cilial aper- 

tures, protoplast naked Dysmorphococcus 


Series II. Chlorodendrales, 

Only British genus Hormotila 

Series III. Tetrasporales. 

A. Cells without pseudocilia Pcdmellaceae 

a. Cells irregularly grouped within structureless mucilage, 
chloroplast cup-shaped or sometimes a parietal plate 
1. Cells globose 

♦ Colony of indefinite shape PcUmella 

♦♦ Cells grouped in a cylindrical mass of mucilage, often 

branched Pcdmodictyon 

Colony globose, free-floating SphaerocysHs 
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2. Cells ellipsoid Coccomyxa 

8. Cells spindle-shaped Elakatothrix 

b. Cells grouped within a more or less stratified mucilage- 
envelope 

1. Cells usually globose 

* Chloroplast axile, star-shaped, mucilage-envelope very 
wide Asterococcus 

♦* Chloroplast parietal, colonies indefinite Gloeocysiis 

2. Cells ellipsoid Dactylothece 

B. Cells with pseudocilia, commonly in fours Tetrasporaceae 

a. Cell- wall commonly rupturing into one or more pieces, per- 

sisting in the surrounding mucilage Schizochlamys 

b. Cell-wall not showing this character 

1 . Colonies of no definite shape Tetraspora 

2. Colonies pear-shaped, usually epiphytic Apiocystis 

Series I. CHLAMYDOMONAD ALES^ 

Family 1. POLYBLEPHARIDACEAE 

The forms included here are motile Flagellates, closely related 
to the Chlamydomonadaceae (cf. p. 61). They are unicellular, 
naked, with a varying number of cilia, and the protoplast shows 
some power of change of shape. l-^Ceproduction is by longitudinal 
division, usually during movement (fig. 4, D), and resting cysts 
are readily produced. No sexual process has been observed^ 
The best-known genera are Pyramimonas and Polyblepharis^^ 
of which only the former has so far been found in this country. 

Pyramimonas Schmarda, 1850^. Cells pyramidal or heart- 
shaped, more or less lobed towards the anterior end, 4-ciliate. 
Chloropl. cup-shaped, often divided into four lobes in front, with 
a large pyren. in the thickened posterior portion; contr. vacs, 
and eye-spot present or absent. Reprod. by longit. div., com- 
mencing at the posterior end, during movement or of resting 
individuals. Resting cysts formed by rounding off of proto- 
plast and excretion of a thick membrane. 

P. delicatulus Griff, (fig. 4, C-E) is a rare form whose cells are 
20-26 1.; its distinguishing features are the incisions at the ends of 
the chloropl. lobes (fig. 4, E) and the flask-shaped cavity at the 
posterior extremity of the chloropl. The only other Brit. sp. is 

^ All measurements, except where otherwise stated, are given in terms 
of IX (one-thousandth of a millimetre). 1. =length; br. =breadth. 

* cf. Dangeard, Ann. sci. nat., 7 s6r., Bot. vii, 1888, p. 152. 

• cf. Dill, loc. cit. p. 842; Griffiths, New Phytol. vin, 1900, p. 181; 
Hodgetts, ibid, xix, 1020, p. 254; Geitler, Archiv f. Protistenk. lii, 1025, 
p. 856. 
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P. inconstnns Hodgetts (cells 8*8-151.), with more or less siibpyramidal 
cells and a simple cup-shaped chloropl. 

Family 2. CHL AMYDOMON AD ACE AE 

This family includes a large number of unicellular and colonial 
genera, motile during the greater part of their life, the cells being 
))rovided with a cellulose wall and bearing two or four cilia. The 
chloroplast is typically cup-shaped, with one or more pyrenoids ; 
eye-spots and contractile vacuoles are present. Asexual repro- 
duction takes place by division of the protoplast (cf. p. 61) and 
in most cases a sexual process is known, which is isogamous in 
the simpler and attains to oogamy in the more advanced 
members. Cyst-formation occurs in a number of genera. 

Sub-family 1. Chlamydomonadeae 

Individuals biciliate. 

Chlamydomonas Ehrenberg, 1833^ (inch Chloromonas Gobi, 
1900; Isococcus Fritsch, 1914). Unicellular; cells spherical, 
ovoid, oblong-ellipsoidj or jgj^rifprm, anterior end often beaked 
between tTie two cilia; membrane often jthin and^^ c ad- 
herent, but ih some sp. thick(?r and in great part gelatinous. 
Chloropl. cup-shaped,. though modified in some sp., occasionally 
lateral, usually with one median pyren. (pyren. sometimes lateral, 
sometimes several or none); contr. vacs, often in a plane at right 
angles to that in which the two cilia lie. Reprod. asexual 
and sexual; gametes generally isogamous^ (cf. p. 62); zygosp. 
spherical, smooth or asperulate. PaimeMa-stages frequent. 

There are some 20 Brit. sp. of this genus, usually found in ponds, 
ditches, and rain-pools, but many have only so far been recorded 
from one or two localities. Common forms are: C. Kleinii Schmidle 
(28-82 1.; 8-12 br.) (fig. 5, J and K) with a characteristic chloropl., 
C. Deharyana Gorosch. (12-20 br.) (fig. 5, H and I), and C. pulvisculus 
Ehrenb. (C. Ehrenbergii Gorosch.; 14-26 br.). In C. elegans West 
(28-27 1.; 13-15 br.) (fig. 4, B) the cells are slightly more convex on 
one side than on the other and the chloropl. occupies only the median 
part of the cell. Several sp. lack pyrens., e.g. C, reticulata Gorosch. 
(84r-88 1.; 30-33 br.) with a much lobed and perforated chloropl., 
C. globulosa Perty (21-28 1.; 19-26 br.) (fig. 4, A) with a mucous coat, 
2-3 p thick, outside the firm cell-wall, and the minute C. Grovei West 
(2*5-4*5 1.; 2*5-4 br.). Several pyrens. are found in C. sphagnicola 
Fritsch & Takeda* (15-27 1.; 9-22 br.) (fig. 1, A) with a thick 

* cf. Goroschankin, Bull. Soc. imp. nat. Moscou, 1890, p. 498 and 1891, 
p. 101 ; Dill, loc. cit.; Dangeard, loc. cit. p. 125; Wille, 1M3, p. 109 et seq.; 
West, 1915, p. 74; Hodgetts, loc. cit. p. 262. 

^ cf. Fritsch and Takeda, Ann. of Bot. xxx, 1916, p. 378. 
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gelatinous wall and a double beak, and C. gigantea Dill (84-38 1.; 
24-28 br.) with a thin wall and a simple beak; the pyrens. in the 
former are parietal, in the latter near the inner face of the chloropl. 
C. monadina Stein (C. Braunii Gorosch.) is markedly anisogamous 
(see p. 62). 

C. pluristigma Bristol (13-16 1.; 9*5-11 br.), with oval cells and two 
or three pigment spots, occurs in cultivated soils (Bristol, 1920, p. 72), 
as also do other sp. (Jacobsen, loc. cit.). (\ stipitata Bachm. belongs 
to the genus Characium, C. nivalis Wille (Sphnerella nivalis Sommerf.) 
is one of the forms most commonly responsible for ‘"red snow.” 



Fig. 5. A-G, Carteria multifilis (Fresen.) Dill, from Bradford, W. Yorks. 
A and B, vegetative cells; D, gametes; E, conjugating gametes; F, zygo- 
spore. H and I, Chlamydomonas Debaryana Gorosch., from St Just, 
Cornwall. J and K, C. Kleinii Schmidle, from Uxbridge, Middlesex. 
(All X 475.) cu, contractile vacuoles; n, nucleus; p, pyrenoid; zg, gamete; 
2, zygospore. 

Pascher^ has described the artificial production of hybrids between 
two species of Chlamydomonas^ the offspring either resembling the 
two parents or affording a series of forms combining their characters 
in different ways. 

Lobomonas Dangeard, 1899^. Unicellular; cells small, in 
general outline ovoid or angular, with a relatively thick wall 
provided with a number of blunt processes. Chloropl. cup- 
shaped, with one pyren. in a somewhat lateral position. Asex. 

* Pascher, Ber. Deutsch. Bot. Ges. xxxiv, 1916, p. 228 and xxxvi, 1918, 

p. 168. 

* Dangeard, Le Botaniste, vi, 1898, p. 115; Hazen, Bull. Torrey Bot. 
Club, XLix, 1922, p. 123 et seq. 
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reprod. by div. of protoplast during rest; sex. reprod. almost 
isogamous, gametes with a thin membrane which is cast off 
during fusion; zygosp. unknown. 

The only record for this country is L. pentagonia Hazen (10-13 1.: 
9-10 hr.) (fig. 6, A*C) from Ham (.'ommon, Surrey; its cells appear 
pentagonal in side-view, but end-views show 5~8 protuberances, not 
all on the same level. Species of this genus are likely to be overlooked 
owing to their small dimensions. 

Brachiomonas Bohlin, 1897^. Unicellular; cells with a thin 
wall provided with one posterior and usually several anterior 



Fig. 6. A— C, LobomotKis pentagonia Hazen (after Hazen, x 830); A and C, 
front-views; B, anterior view. 1), E, Scourfleldia complanata G. S. West 
(after West, x 1400), from Leyton Flats, Essex; D, front; E, side-view. 

F, G, Dunaliella salina (Dunal) Teodoresco (after Teodoresco, x 720); 

G, a stage in division. H-.T, Brachiomonas submarina Bohlin (after West, 
x720), from Sheerness; H, front^view (cilia shown too thick); I, anterior 
view; J, formation of atifospores. 

backwardly directed hollow horns into which the chloropl. may 
or may not extend. Chloropl. parietal, not always well defined; 
pyren. often anterior and lateral, on the side next the stigma. 
Contr. vacs, absent. Asex. reprod. during movement, with 
formation of four or eight individuals which acquire their 
distinctive form before liberation (autospores). Gametes often 
slightly anisogamous, naked, smaller and commonly simpler 
in form than the vegetative cells. Zygosp. spherical, smooth. 

Two Brit. sp. are recorded, viz. B. stihmarina 'Bohlin (15-24 1.; 
13-25 hr.) (fig. 6, H-J.) and B, simplex Hazen (30-48 1.; 18-24 br.), 

^ Bohlin, 1897 a, p. 508; West, 1908, p. 281; Hazen, Bull. Torrey Bot. 
Club, XLix, 1922, p. 75. 
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the latter differing from the former inter alia in the absence of the 
anterior horns. They seem to favour rock-pools with brackish water, 
although the former sp. has been recorded from freshwater habitats ^ 

Scourjieldia G. S. West, 1912*^. Unicellular; cells minute, 
elliptic-ovate in front-view, strongly compressed, with a thiji 
wall and cilia about four times the length of the cell, mo\'ement 
in one sp. at least backwards. Chloropl. bell-shaped, without 
pyren. or stigma; starch apparently lacking. Reprod. unknown. 

Only two sp. are known, viz. S. complanata G. S. West (.5*2- 5-7 1.: 
4-4-4.*6 br.) (fig. 6, D, E) with an oblong side-view, and S. eordiformis 
Takeda (4-4*5 1.; 3*5-4 br.) with an obovate side-view, the cilia of 
both being about 20 /x long. 

Dunaliella Teodoresco, 1905^. Unicellular; cells ellipsoid, 
often with a median waist, naked and subject to slight changes 
of shape. Chloropl. typical; haematochrome often present; no 
contr. vacs. ; stigma present or absent. Asex. reprod. by longit. 
div. during movement, each new individual forming one cilium 
afresh. Gametes isogamous; zygosp. thin-walled, producing 
four individuals on germination. 

D. salina (Dunal) Teodoresco ( -Haematococcns salinus Dunal. 
Chlamydomonas Dunalii Cohn; 18-23 1.; 8*5-12 hr.) (fig. 6, F, Cr) has 
been recorded from brackish pools in Cornwall (West, 1915, p. 73). 

Polytoma Ehrenberg, 1831^. Unicellular; cells ovoid, with a 
thin wall devoid of a beak. Chloropl. absent, but starch-grains 
often abundant; stigma and contr. vacs, present. Asex. reprod. 
by div, during movement. Gametes almost isogamous ; zygosp. 
round, smooth. 

P. uvella Ehrenb. ( - Chlamydomonas hyalina Cohn; 10-20 1.. 
6-12 br.) (fig. 4, F) is probably widely distributed in waters harbour- 
ing much decaying organic matter, but has so far rarely been reeorded 
in this country (cf. Grove, 1920, p. 23). 

Gonium Muller, 1773^ (inch Tetragonium W. & G. S. West, 
1896). Coenobium a flat plate of 4 or 16 ovoid or slightly poly- 
gonal cells separated by triangular inter-spaces and connected 
by protoplasmic processes at the points of contact (always?), 

‘ Neilson- Jones, Proc. Linn. Soc., 1922, p. 57; Tozer, Journ. Hoy. 
Microscop. Soc., 1908, p. 551. 

® West, 1912, p. 826; Takeda, Ann, of Bot. xxx, 1916, p. 157. 

® Teodoresco, Beih. Bot. Centralbl. xviii, 1905, p. 215, and Rev. gen. de 
Bot. xvm, 1906, p. 853; Hamburger, Archiv f. Protistenk. vi, 1905, p. Ill . 

*■ cf. Dangeard, Ann. sci. nat., 7 s6r. vii, 1888, p. 112; Dangeard, Le 
Botaniste, vin, 1901, p. 5; Entz, Archiv f. Protistenk. xxxviii, 1918, p. 324. 

* cf. Warming, Bot. Tidsskr. ix, 1876, p. 69; Migula, Bot. Centralbl. 
xuv, 1890, p. 72; Harper, Trans. Amer. Micr. Soc. xxxi, 1912, p. 65. 
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sometimes with a common mucilage- in vestment; cilia all 
directed to one side. Chloropl. typical; contr. vacs, and stigma 
present. Asex. reprod. by formation of daughter-coenobia 
within each cell of parent, rareh'^ by zoosp. (four per cell), or by 
dissociation of coenobium. Gametes isogamous, 16 per cell; 
zygosp. with a smooth or rough membrane, producing four 
zoosp. on germination. 

G. pectorale Mull., which has a square coenobium with truncated 
corners, composed of 16 cells (4 central, 12 peripheral; 7-11 br.) 



Fig. 7. A, Gonium pectorale Miill., from Cambridge. B-F, G. aociale 
(Duj.) Warming, from Esher Common, Surrey. E and F show the forma- 
tion of new coenobia ( x 475). 


(ftg. 7, A), is frequent in stagnant ditches and ponds. G. sociale (Duj.) 
Warming (G. lacustre West, Tetragoniurri lacustre W. & G. S. West') 
(fig. 7, B~F) has 4-celled coenobia, the ovoid cells of which are 11*5- 
19 1. and 7-5-15-5 br. The anterior end of each cell is somewhat pro- 
tracted and the cilia are only vibratile towards their extremities 
(always?), the movements being correspondingly sluggish. Thjs sp. 
is much rarer than G. pectorale and prefers the open waters of large 
ponds and lakes. 

Pandorina Bory, 1824 Coenobia spherical or subspherical, 
usually of 16 (rarely 8 or 82) closely packed pyriform cells, whose 

' West and West, 1896, p. 160. 

* Pringsheim, Monatsber. d. K. Akad. d. Wiss., Berlin, 1860, p. 724; 
Dangeard, Le Botaniste, vii, 1000, p. 102. 
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broader end faces outwards and which reach almost to the 
centre, the whole surrounded by a mucous investment; cells 
often angular as the result of mutual pressure, typically Chlamy- 
domonad in structure, each with two widely divergent cilia, 
c ells at the anterior pole with larger eye-spots. Asex. reprod. 
by formation of daughter-coenobia within each cell of parent, 
prior to which the cells of the latter round off and separate some- 
what ; also, but rarely, by liberation of single swarmers. Gametes 
formed by div. of protoplasts into 16 or 32 parts, often aniso- 



Fig. 8. A-H, Pandorina momm (Miill.) Bory ; A, adult coenobiiim ; B, groiij) 
of daughter-coenobia within the swollen investment pf the parent; from 
near Bradford, W. Yorks ( x475). C-H, formation of zygospore (z) and 
its development (after Pringsheim). K, Stephanosphnera pluvialis Cohn 
(after Hieronymus, x 320). g, gamete. 

gamous; zygosp. smooth, giving rise on germination to a new 
coenobium. 

P. moruni (Miill.) Bory is abundant in ponds and ditches all over 
the country (cells 8-15 br. and coenobia 20-42 in diameter) (fig. 8, 
A-H). 

Eudorina Ehrenberg, 1832^. Coenobium globose or ellipsoid, 
of usually 32 cells (4 anterior, 4 posterior, and three intervening 
series of 8), loosely arranged in the periphery of a mucous 

' Goebel, Grundz. d. Syst. u. spec. Pflanzenmorph., Leipzig, 1882, p. 41 ; 
Conrad, Bee. Inst. Bot. Bruxelles, ix, 1913, p. 321. 
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iiu estmcnt and coiuieeted by delicate protopl. strands only to 
be seen after staining (Conrad); cells globose with the usual 
Clilaniydoinonad structure, but often with several pyrenoids. 
and showing a progressive' decrease in size of eye-spots from 
front to back. Ascx. formation of daughtcr-coenobia as in 
Pand()ri}ia from all the cells of the parent. Sex. reprod. oogamous, 
coenobia usually dioecious; the slightly enlarged cells of the 
female (‘oenobia foi'm the ova, each cell of the male produces 
a Hat plate (fig. 0, E) of 64 fusiform or pear-shaped spermato- 
/oids; oosp. smooth, producing a new coenobium on germination. 



Frizinjjhall, VV. Yorks. C-K, development of sperrnatozoid-clusters ; 
F, sperniatozoids (after Goebel). 

K. elegans Ehrenb. is widely distributed in ponds, ditches, and 
lakes, being fairly general in the plankton, especially in autumn: 
cells 10 -25 br. and coenobia 40-1.50 in diameter (fig. 9). It appears 
that there are two forms of this sp., the one with globose, the other 
with ellipsoid or even ovate-ellipsoid coenobia; the latter also differ 
from the former in the presence of several mucous mammillate projec- 
tions at the posterior pole. In this country the globose form is that 
generally found. 

G. S. West (1904, p. 194) at one time regarded Lemmermann’s 
genus Endorinella^ as synonynious with Eudorhta, but subsequently 
(1916 u, p. 182) followed Wilie (1909, p. 20) in referring it to Schewia- 
koff's Slephanno)!. Here the cells are arranged in two planes within 

1 Lemmermann, Ber. Deutsch. Bot. Ges. xviii, 1900, p. 607; Fritsch, 
1918, p, 492. 



GROUP 1. VOLVOCALES 


77 


a spherical or ellipsoidal mucilage-envelope. The genus is at present 
not recorded for this country. 

Pleodorina Shaw, 1894^. Coenobium spherical or ellipsoidal, 
of 32, 64, or 128 ovoid or spherical cells, arranged at a slight 
distance from one another in the periphery of a mucous invest- 
ment; mature coenobium differentiated into smaller vegetative 



Fig. 10. A, Pleodorina illinoiensis Kofoid (after Kofoid, x 300). B-C, 
V olvox glohator Ehbg., small parts of coenobia, diagrammatic (after Meyer) ; 
B, in section; C, in surface view.' D-E, V. aureus Ehbg., portions of 
coenobium, diagrammatic (after Meyer); D, section; E, surface view (firm 
membranes and protoplasts dotted). 

and larger reprod. cells (gonidia). Chloropl. typical, with a 
single pyren.; eye-spots as in Eudorina. Asex. formation of 
daughter-coenobia usually restricted to the gonidia. Sex 
reprod. as in Eudorina, but spermatozoid- plates sometimes 
comprising 128 cells. 

There are two sp.: P. illinoiensis Kofoid with usually 32-cellcd 
coenobia (max. dimens. 200 x 175), the cells grouped as in Eudorina, 

^ cf. Shaw, Bot. Gaz. xix, 1894, p. 279; Kofoid, Ann. and Mag. Nat. 
Hist., ser. 7, vi, 1900, p. 189 ; Merton, Zeitschr. f. wiss. Zool. xc, 1908, p. 445 ; 
Chatton, BuU. scient. France et Belgique, xliv, 1910, p. 309; Grove, New 
Phyt. xiy , 1915, p, 169. 
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4 vegetative and 28 gonidial (fig. 10, A); and P. californica Shaw with 
64 or 128 cells in the coenobiiim (diam. 175-800), from one-half to 
two-thirds of them becoming gonidial. Both have been found in the* 
Brit. Isles. Messrs. West have referred to the latter sp. specimens 
from Loch Fadaghoda, Lewis, in which the eocnobia comprise<l only 
82 cells, about half of them being vegetative (West and West, 1905. 
p. 506). Various writers have suggested that Pleodorina is merel\ 
a form of Eudorina elegans (Lhodat, 1902, p. 152; West and West. 
1906, p. 105), but the common strains of the latter certainly never 
show the sharp differentiation between vegetative and reprod. cells 
which is characteristic of Pleodorina (cf. also Grove, loc. cit. p. 181 ; 
Smith, 1920, p. 97)'. 


Sub-family 2. Cauterieae 

Individuals quadriciliatc. 

Carteria Diesing, 1868^ {Pitidscufi Dangeard, 1888; Corlncra 
Dangeard, 1888). Unicellular; cells spherical, ellipsoid, or 
cordiform, differing from those of Chlamydonionas solely in the 
possession of four instead of two cilia. 

There are five Brit. sp. of this genus which is considerably rarer 
than Chlamydomonas, C. multifilis (Fresen.) Dill, with rounded cells 
(10-16 br.) and cilia inserted in pairs, is fairly abundant in small 
pools, more particularly those of rain-water (fig. 5, A-(t). Other 
forms sometimes encountered are; C. obtusn Dill with cylindrical- 
elliptical cells and the pyrenoid situated in front of the nucleus, and 
C. cordiforrnis (Cart.) Biitschli with heart-shaped cells (9-16 br.; 
12 20 1 .). 

The interesting colonial genus Spondylornorum'^, with 16 
obovate cells disposed in four alternating tiers of four, has not 
yet been found in this country. Jacobsen (loc. cit.) has recorded 
it in Dutch soils. 

Family 3. SPHAERELLACE AK 

The motile forms of this family are in all cases bieiliate. The 
cell-wall (except Chlorogonium) is usually thick and differentiated 
into a superficial firmer layer and an extensive gelatinous zone, 
generally traversed by strands from the central protoplast. The 
chloroplast occupies a great part of the periphery of the latter 
and is often not well defined; there are several scattered pyre- 
noids and usually more than two contractile vacuoles which are 

^ With regard to Shaw’s genera Copelandosphaera and Merrillosphaera, 
see under Volvox. 

* cf. Gorosohankin, loc. cit.; Dill, loc. cit.; Wille, 1908, p. 89; West, 1915, 
p. 78; Takeda, Ann. of Bot. xxx, 1916, p. 369. 

* Ehrenberg, Monatsber. Berlin Akad., ISl-S, p. 236. 
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dispersed through the protoplasm. The reproductive j)vocesses 
are very similar to those of Chlarnydomonadaceae. 

Sphaerella Sommerfeldt, 1824^ {Haematococcus Agardh. 
1828; Chlamydococcus A. Braun, 1849). Unicellular; cells ovoid, 
sometimes with a beak between the two cilia. Chloropl. peri- 
pheral, more or less reticulate, with 2-8 scattered pyrens.; 
numerous contr. vacs, in the periphery of the protoplast; single 
eye-s])ot; bright red haematochrome often abundant, both in 
motile and resting stages. Asex. reprod. during move ment . 
Sex. reprod. isogamous, as man y as 100 barn^te s being forrn^l 
from one indivfduaT.~ Spherical r estin g cells (cyst s), with a thic k 
cellulose wall and deep re d content^afeTeadily formed from 
the ihotiTe indTviduaTs’~T>y eontraction and rounding off of the 
jjiptoplas t "at of the~neelh~ 
k no wn. 

S. laemtris (Girod.) Wittr. {Chl(miydococciis pluvutlis (Flot.) A. Br. ; 
H/temntococcus pluviaiis Flotow) (fig. 11) is 
abundant all over the country in ditches, 
rain-pools, and bog-pools; its cells (8-30 br.) 
are often brick-red in colour and very readily 
form cysts, and “redrain” is sometimes due 
to this Alga, No gametes have been observed 
in this sp. It is the only one recorded for the 
British Isles, but a form resembling S. droc~ 
bakensis (Wollenwcber) has been observed in 
material from Wales. 

Chlorogoniurn Ehrenberg, 1830^ {Cerci- 
dium Dangeard, 1888). Unicellular; cells 
fusiform, three or more times longer than 
the diameter, with a thin closely adhering 
wall. Chloropl. more or less plate-shaped 
and unilateral, often ill-defined, spongy, 
with 4-many pyrens.; several (12-16) 
contr. vacs, scattered through the protoplast. Asex. reprod. by 
two successive transv. divs. during movement, the products 
later lying parallel to one another. Gametes (16-32 per cell] 
often anisogamous; zygosp. spherical, smooth, with reddish- 
brown contents. 

' cf. Hazen, Mem. Torrey Bot. Club, vi, 1899, p. 211; Schmidle, Ber, 
Dciitsch. Bot. Ges. xxi, 1903, p. 346; Peebles, Centralbl. f. Bakt. xxiv, 
1909, p. 511 ; Wollenweber, Ber. Deutsch. Bot. Ges., Festschr. xxvi, 1908, 
p. 238; Mevius, ibid, xm, 1923, p. 237. With regard to Wille’s views on the 
noinenclature of this genus, see Wille, 1903, p. 94. 

- ef. Dangeard, I.e Botaniste, vi, 1898, p. 79; Bohlin, 1897, p. 511; 
Schmidle, loe. cit. p. 348. 



Fig. 11. A-H, Sphae- 
rella lacustris (Girod.) 
Wittr., from Bradford, 
W. Yorks ( x475). 
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C, euchlorum Ehrenb. (8-12 br.; up to 50 1.) (fig. 4, G-H) is rather 
scarce, being found in stagnant waters; Jacobsen (loc. cit.) has found 
it in cultures of certain types of soil. Its systematic position is doubtful. 
Schmidle has drawn attention to the approximation between certain 
sp. of Chlorogonium and Chlamydomonas^. 

Stephanosphaera Cohn, 1852 Coenobium usually of eight 
cells, arranged in an equatorial zone within a tough, spherical 
or ellipsoidal investment; cells elongated with several green or 
colourless protopl. processes, mainly at either end, the cilia pene- 
trating the investment near the equatorial plane. Chloropl. like 
that of Sphaerella, with one anterior and one posterior pyren. ; 
contr. vacs, numerous. Asex. reprod. by formation of a new 
coenobium within each cell of the parent, the cells rounding off 
prior to division. Gametes (8, 16, or 32 per cell) fusiform and 
isogamous; zygosp. spherical, yellowish-brown, giving rise to 
2-8 zoosp. on germination. 

S. pluvialis Cohn (cells 6-12 and coenobia 26-60 br.) (fig. 8, K) is 
rare, but has been recorded both in England and Ireland, being 
usually found in the rain-water which collects in the hollows of rocks. 
Young coenobia are occasionally observed containing only one or 
two cells. 

Volvox (Linnaeus, 1758) Ehrenberg, 1880^. Coenobium a 
hollow sphere or ej|lipsoid, of usually very numerous (up to 
25, 000) cells forming a peripheral layer within the mucous 
investment; cells with globose, ovoid, or stellate protoplasts, 
often connected by protoplasmic strands which may be slender 
or stout; cell-walls thick and gdatinous, with firmer middle 
lamellae. Chloropl. probably much Tike that of Sphaerella, with 
one or more pyrens.; 2-6 often scattered contr. vacs.; eye-spots 
as in Eudorina, Asex. reprod. by formation of new coenobia 
within special gonidia (up to 25 in number) situated in the 
posterior part of the parent-coenobium and distinguishable at 
an earlier or later stage by their considerable size; the young 
embryos^ are liberated into the hollow interior of the parent and 

^ cf. also Wille, 1909, p. 18, who regards Chlorogonium as a subgenus of 
Chlamydomonas . 

* cf. Cohn and Wicbura, Nov. Act. Leop. -Carol, xxvi, 1857, Nachtrag; 
Hieronymus, Cohn's Beitr. iv, 1884, p. 51. 

* Klein, Jahrb. Wiss. Bot. xx, 1889, p. 133, and Ber. Deutsch. Bot. Ges. 
VII, 1889, p. 42; Overton, Bot. Centralbl. xxxix, 1889, p. 65; Meyer, ibid. 
Lxiii, 1895, p. 225, and Bot. Zeit. uv, 1896, p. 187; Janet, Le Volvox^ 
Limoges, 1912 ; Crow, New Phyt. xvii, 1918, p. 151 ; Harper, Mem. Brooklvn 
Bot. Card. i. 1918, p. 154. 

According to Kuschakewitsch (Bull. Acad. Sc. d. POukraine, i, 1922, 
p. 31; cf. Zeitschr. f. Bot. xv, 1923, p. 584) the young coenobia shortly 
before forming cilia undergo a complete invagination whereby the inner 
surface comes to lie outwards and the normal polarity of the cell is estabUshed . 
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may attain a considerable size before they are set free by the 
death of the latter. Sex. reprod. oogamoiis, coenobia monoecious 
or dioecious, the same individuals with or without gonidia; 
spermatozoids fusiform, biciliate, with pale green or yellowish 
chloropl. (fig. 12, C), formed in plates or spherieal masses by 
div. of the contents of special enlarged cells ; ova few, rounded, 
appearing as mueh enlarged cells, often with a neek-like pro- 
trusion; oosp. spherical, with smooth, or substellate membrane 
and brownish-red contents, germination direct. 



Fig. 12. A, C, and D, Volvox aureus Ehrenb. A, monoecious sexual colony 
( x210), from Rawcliffe Common, W. Yorks; D, ripe oospore ( x475); 
C, two spermatozoids (after Klein). B, ripe oospore of F. globator (L.) 
Ehrenb., from Preston, Lancashire ( x475). a, antheridia; an, spermato- 
zoid ; g, ovum. 


Shaw^ has under laken a comprehensive investigation of the various 
sp. of Volvox and advocates the establishment of a number of genera, 
as follows: 

(a) Without intercellular protoplasmic strands. 

1 . Copelandosphaera, in which the gonidia are not differentiated in 

^ Philippine Journ. Sci. xv, 1919, p. 493; xx, 1922, p. 477; xxi, 1922, 
pp. 87 and 207; xxii, 1923, p. 185. 
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the young embryos and attain some size before segmentation sets 
in; monoecious. 

2. Merrillosphaera, in which the gonidia are differentiated in the 
young embryos, are arranged in pairs or fours, and at an early stage 
sink from their positions in the somatic layer, so as to lie within the 
embryo coenobium ; dioecious. 

(6) With intercellular protoplasmic strands. 

1. Janetosphaera with round protoplasts, cells without distinct 
internal walls; usually dioecious (fig. 10, D). 

2. Volvox with stellate protoplasts, cells with distinct internal 
walls; monoecious (fig. 10, B), 

The suggestion is that Copelandosphaera and Merrillosphaera belong 
to the Chlamydomonadaceae and the other two genera to the Sphae- 
rellaceae, but unfortunately the details of cell -structure are imper- 
fectly known in the case of the former. While it is not improbable 
that the Volvox-type of coenobium may have originated separately 
in the two lines, the resemblances being due to homoplasy, the 
evidence does not at the present time appear sufficient to warrant the 
generic splitting proposed by Shaw. 

Three sp. of Volvox have been recorded in the Brit. Isles. V, aureus 
Ehrenb. {Janetosphaera aurea Shaw) and F. globator Ehrenb. are 
common in deeper ponds and ditches of the low-lying areas, being 
cften associated with Lemna and preferring ponds which receive a 
plentiful supply of rain-water. In F. aureus (fig. 10, D, E; fig. 12, A, 
C, D) the adult coenobia are 200-500 p in diameter, the protoplasts 
ire rounded and connected by extremely delicate processes, and the 
(valls of the oosp. are smooth. F. globator is usually larger (680-800 p 
in diam.), the protoplasts are stellate with thick processes, and the 
ripe oosp. are substellate (fig. 12, B; fig. 10, B, C). F. mononae G. M. 
Smith^, in which c 5 doplasmic processes are lacking, is known from the 
plankton of the I^ake District*. 

The Rotifer Notommata parasitica sometimes occurs as a parasite 
within the hollow coenobia of Volvox, swimming about within the 


central cavity and feeding on the green cells either of the adult or 
cf the daughter-co^obia. v 

Family 4. PHACOTACEAE 


The outstanding characteristic of this family of biciliate uni- 
cellular organisms is the presence of a specialised envelope, 
which is thick and sometimes composed of two valves; in most 
cases it is separated from the contained protoplast by a space, 
but whether there is a distinct cell-wall apart from the envelope 
is mostly uncertain. Where the cell-structure is known, it is of 

^ G. M. Smith, 1920, p. 99, PI. XVIII, fig. 1 ; the chloropl. is described 
as bell-shaped with a single p 3 rrenoid, which would certainly relate this 
form to the Chlamydomonadaceae. 

• Pearsall, Journ. Linn. Soc., Bot. xlvii, 1925, p. 72. 
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the Chlamydomonad aliii^ug 11 uiccii wiLii acv eral pyre 

aoids.” Tts^iiaFfepFdduction is effected by suificessive division 
3f the; protoplast, the daughter-individuals before liberation 
acquiring the eharacteristics of the parent. Sexual reproduction 
is only certainly established in one genus. 

Phacotus Perty, 1852^. Cells considerably flattened, so that 
they appear circular or oval in front- and biconvex in side-view; 
envelope thic^, dark-coloured, calcified, rough, composed of two 
valves livTOr somei^at Ihick fitted together like two 

yvatch-glasses ; protoplast ovoid, usually separated from envelope 
except at front end by a considerable space (occupied by muci- 
lage?); cilia emerge through fine canals in the thickened rim of 
the envelope. Asex. reprod. by diy. of protoplast into 2-8 parts 
within a mass of mucilage separating the valves of the parent 
(fig. 13, A); each daughter-individual acquires the bivalved 
envelope prior to liberation. 

P. lenticularis (Ehrenh.) Stein (Crijptoglena lenticularis Carter; 
13-17 1.) (fig. 13, A~C) is not uncommon in stagnant water. It is 
not clear from the available data whether there is a cell- wall distinct 
from the envelope. The sexual reproduction described by Carter^ is 
probably a misinterpretation. 

Pteromonas Seligo, 1886^. Cells of v-aried shape, strongly 
compressed, with a bivalved silieified (always?) envelope which 
is broadly winged in the plane of junction of the two valves 
(fig. 13, D, F) whose joined rims form a straight or slightly 
curved suture; protoplast spherical or ovoid, at most points in 
close contact with the envelope; chloropl. cup-shaped, with 
1-6 pyrens. Asex. reprod. much as in Phacotus^ with production 
of 2-4 new individuals. Gametes isogamous; zygosp. spherical, 
brown. 

Five sp. of this genus are now known to oeeur in ponds and lakes 
in the Brit. Isles, but they are decidedly rare. The most frequent is 
P. angulosa (Carter) Dang. (Cryptoglena angulosa Carter; 15-17 1.; 
15-5-17 br.) (fig. 13, D, E) with a rounded wing and a protoplast 
which in side-view is seen to be deeply hollowed out at four points. 
In P. Chodati Lemrn. (P. angulosa Chod.) the wing is hexagonal (19 1. ; 
21 hr.) and the envelope in side-view shows two large papillae on 
either side. 

^ Dangeard, Le Botaniste, i. 1889, p. 144 and vi, 1898, p. 118. 

2 Ann. and Mag. Nat. Hist. 3 s^r. ii. 1858, p. 249. 

3 Seligo, Cohn’s Beitr. iv, 1886, p. 170; Golenkin, Bull. soc. imp. nat. 
Moscou, v, 1891, p. 417; Lemmerinann, Ber. Deutsch. Bot. Ges. xviii, 
1900, p. 92; West, 1912, p. 330; West, 1916, p. 7. 


6-2 
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Coccomonas Stein, 1878^. Cells with a hard, brittle, ovoid or 
4-angled envelope of some thickness, provided with a single 
circular aperture through which the two cilia emerge ; protoplast 
ovoid, with a distinct cell-wall, separated except at the front end 
by a considerable space from the envelope. Reprod. by div. of 
the protoplast into four parts which are liberated by irregular 
splitting of the envelope into two pieces. 



Fig. 18. A-C, Phacotus lenticularis Stein; A, dividing individual f after 
Stein, x650); B, front-, and C, side-views (after G. S. West, x800). 
D-E, Pteromonas angulosa (Carter) Dallg.; D, front-, and E, side-views 
(after G. S. West, xlOOO). F-H, P. Takedana G. S. West; F, front-, 
G, end-, and H, side-views (after G. S. West, x 1000). I-M, Dysmorpho- 
coccus variabilis Takeda, from Richmond Park, Surrey (after Takeda, 
X 1000); in J-L, only the empty shell is shown; J, front-, K, side-, and L, 
anterior- views. N, Coccomonas orbicularis Stein (after Stein, x 650). 

C. orbicularis Stein (fig. 18, N), the only Brit, sp., has been found in 
artificial waters in Kew Gardens (Fritsch, 1906, p. 202). It is likely 
however to have a wider distribution. 

Dysmorphococcus Takeda, 1916*. Cells with a hard, brittle, 
brown-coloured envelope which is more or less spherical or 

‘ Stein, Organ, d. Infusionsthier. iii, 1878, p. 54. 

* Take^, Ann. of Bot. xxx, 1016, p. 151. 
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broadly ovoid, but very irregular and variable in shape and 
easily cracking into irregular pieces; at the front end are two 
minute apertures through which the cilia emerge, the two 
apertures usually not both in the plane of the front-view; 
protoplast naked, pear-shaped, and separated by a wide space 
from the envelope. Reprod. unknown^ 

D, variabilis Takeda (fig. 13, I-M), the only sp., was found in a 
stagnant pool in Richmond Park, Surrey. It is a small form (envelope 
14-19 1. and 13-17 hr.) which might easily be confused with Trachelo- 
monns volvocina. It is obviously closely related to Coccomonas. 

Series II. CHLORODENDRALES 
Family CHLOHODENDR ACEAE 

This family includes a variety of dendroid colonial forms 
(cf. p. 66) which are all probably closely related to the Chlamy- 
domonadaceae. They differ among one another in the manner of 
formation of the colony, in the details of cell-structure (probably 
always a single chloroplast), and in the characteristics of the 
swarmers which often play a prominent part in the life-history. 
Sexual reproduction has not been observed. The only genus 



Fig. 14. Hormotila mudgena Borzi, from Boston Spa, 

W. Yorks ( X 520). 

known in Britain is Hormotila, which should perhaps be placed 
in a separate family. 

Hormotila Borzi, 1883^. Cells spherical, ovoid, or ellipsoid, 
rarely oblong, placed at irregular intervals in branched, firm, 
often concentrically lamellose mucilage-cylinders, which are 
formed between the daughter-cells after div.; the latter takes 
place at first in three, then in two, and finally only in one direc- 
tion. Chloropl. single (?), frequently very granulose, and devoid 

1 Isococcus Fritsch (1914, p. 341) is a species of Chlamydomonas (cf. 
Fritsch and Takeda, Ann. of Bot. xxx, 1916, p. 878). 

* Borzi, Studi algologici, i, 1888, p. 99. 
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of a pyren. (?)^ Reprod. by enlargement of the cells and sub- 
division of the contents to form 8-64 minute biciliate zoosp. 

G. S. West has recorded H. mucigena Borzi (fig. 14) from Boston 
Spa, W. Yorks, where it formed an expanded dull green stratum on 
damp calcareous rocks; br. of veget. cells 4-12, of zoosporangia up to 
30; zoosp. 1-2-5 br. and 3-5 I. M’Keever found it in a damp hothouse, 
Leith, Scotland. The published accounts of the cell-structure are not 
in agreement. Chodat (1902, p. 285) has described Hormotila- 
stages” of a sp. of Pleurococcus^ but these have not been confirmed. 


Series III. TETRASPORALES 
Family 1. PALMELLACEAE 

In the members of this family the ordinary vegetative cells 
ar&'OTibMded, often in large numbers, within a structureless or 
stratified mass of mucilage, which is of indefinite extent except 
in a few genera. The chloroplast is in many cases of the Chlamy- 
domonad type, but a pyrenoid is wanting in some generauJT^^" 
wall of the individual cell is thin and firm. Motile biciliate 
reproductive cells, which are mostly asexual, have been observed 
in some cases. The family is almost certainly not natural. 

Lyngbye, 1819; emend. Chodat, 19022. Cells spherical, 
surrounded by mucous coats which fuse to form an indefinite 
mucilaginous mass, often of macroscopic dimensions; div. in 
three directions. Chloropl. bell-shaped, sometimes reddish, with 
a pyren. Asex. reprod. by macrozoosp. formed singly and by 
microzoosp. formed 4-16 in a cell. Gametes isogamous. Akinetes 
with a thick granulated membrane also known. 

One of the few true sp. of this genus is P. miniata Leibl. which occurs 
as a mucous expansion of a brick-red colour on damp ground, wet 
rocks, etc.; cells 3-5 br. (fig. 2, E). P. mucosa Kiitz. (cells 6-14 br.) 
and P. hyalina Br^b. (cells 1 ^ and less in diam.) are aquatic sp., the 
former olive-green, the latter green in colour; the former was regarded 
by Chodat (1902, p. 110) and G. S. West (1904, p. 240) as a possible 
stage of Tetraspora, Many of the “species” certainly belong to the 
life-cycle of other Algae. 

Palniodictyon Kiitzing, 1845^ (inch Palmodactylon Naegeli, 
1849), Differs from Palmella mainly in the definite form of the 

‘ West, 1904, p. 205 describes the chloroplast as above; Wille, 1897, 
p. 50, speaks of several chloroplasts without pyrenoids; Lemmermann, 
1915, p. 27 writes “ Chromatophoren zahlreich (?), wandstiindig. Pyrenoid 
vorhanden.” 

* Chodat, 1902, p. 110. 

* Naegeli, 1849, p. 69; Salisbury, Trans. Herts Nat. Hist. Soc. xv, 1914, 
p, 125. 



GROUP 1. VOLVOCALES 


87 


envelope which appears as a branched mucilage-cylinder, in 
some sp. structureless, in others showing a slight concentric 
stratification around the individual cells. Chloropl. single^ 
parietal, spherical or irregularly lobed, with or without a pyren. 
Reprod. imperfectly known, by biciliate zoosp. and akinetes 
with brown walls. 

The differences between Palmodictyon and Palmodactylon do not 
appear sufficient to warrant generic separation (cf. also Lemmermann, 
1915, p. 35). 

The three Brit. sp. are relatively rare forms, usually found in 



Fig. 15. Palmodictyon varium (Naeg.) Lemm., A-C, from Esher Common, 
Surrey; D, from Strensall Common, N. Yorks. A x 100; B-D x450. 


stagnant pools. P. varium (Naeg.) Lemm. (Palmodactylon varium 
Naeg.; P. subramosum Naeg.) (fig. 15) is the commonest, occurring 
in peaty ditches and in bog-pools; here the mucilage is structureless 
and the branches of the cylindrical investment (diam. 11-5-33; cells 
6*5-9-5 br.) do not anastomose. In P. viride Kiitz. this is a marked 
feature and the mucilage-envelope, which sooner or later assumes a 
reddish-brown colour, often shows some stratification around the 
cells (5-5-9 br.; diam. envelope, 28-52); the only method of repro- 
duction known in this sp. is by akinetes which on germination form 
a new colony. 

^ cf. however Lemmermann, 1915, p. 35, who gives: “Mehrere scheiben- 
fdrmige, gebogene Chlorophoren.” 
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Sphaerocystis Chodat, 1897^. Cells globose, sparsely aggre- 
gated (1-2-8-16, up to several hundreds) within the periphery 
of a free-floating globular mass of very transparent mucilage, 
sometimes showing faint lamellation immediately around the 
cells. Chloropl. bell-shaped with pyren. Multipl. of cells by div. 
into four, the products being grouped either in one plane or 
tetrahedrally. Reprod. by formation of micro-colonies from the 
contents of a cell (often accompanied by a partial persistence 
of the parent cell-membranes, as in ScJiizochlamys, p. 92), by 
spherical akinetes, and by biciliate macro- and micro-zoosp. ; 
gametes unknown. 



Fig. 16. Sphaerocystis Schroeteri Chod.; A and B, from the plankton of 
Loch Shin, Sutherland, x 450; C, zoospore, after Chodat ( x about 700). 

S, Schroeteri Chod. (Gloeococcus Schroeteri (Chod.) Lemm.) (fig. 16) 
is an abundant Alga, occurring in the plankton of all the larger lakes 
and not uncommon in smaller pieces of water; colonies 50-1200 and 
cells 6-10 br. It shows considerable resemblance to Tetraspora 
lacustris Lemm.*, but at present the pseudocilia of the latter have 
not been demonstrated in Sphaerocystis and there are other differ- 
ences apparent in the mode of formation of the daughter-colonies. 
The reference of Sphaerocystis to A. Braun’s Gloeococcus^ advocated 
by Wille and Lemmermann*, cannot be regarded as sufficiently 
established*. 

1 Chodat, 1897, p. 292; Chodat, 1902, p. 114. 

* cf. Chodat, 1902, p. 115; G. S. West, Journ. Linn. Soc., Bot. xxxix, 
1909, p. 75. 

* Wille, 1908, p. 163; Lemmermann, 1915, p. 81. 

* cf. also Chodat, Bull. Herb. Boissier, 2 s^r. iv, 1904, p. 288. 
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Coccomyxa Schmidle, 1901^. Cells ellipsoid or oval, single or 
embedded in structureless mucilage to form microscopic or 
macroscopic colonies. Chloropl. a parietal plate, occupying one 
side of the cell with or, evidently more commonly, without a 
pyren.; cell- wall thin. Reprod. by div., usually in a plane 
oblique to the longit. axis. 


The position of this genus is at present difficult to determine and 


some would doubtless prefer 
to place it among the mon- 
zoosporic Chlorococcales (p. 
06). Pascher (1915, p. 208) 
suggests that its sp. are not 
congeneric and that some may 
belong to Heterokontae, a 
view supported by the usual 
absence of pyre ns. and the 
frequent yellow-green colour. 
In this country only the 
terrestrial sp., and not the 
planktonic ones, have so far 
been recorded. Three are 
known, viz. C. dispar Sch- 
midle (cells 4-8 br., up to two 
and a half times as long) (fig. 
17, A-C) found by the writer 
on damp bark or Mosses near 
the bases of woodland trees; 
C. Solorinae Chod. (cells 3-3-5 
br.; 6-7 1.) found in cultures 
from cultivated soils (Bristol, 
1920, p. 73); and C. subeU 
lipsoidea Acton (cells 4-6 br. ; 
6-10 1.) (fig. 17, D). Con- 
siderable doubts have been 
expressed whether the zoosp. 
recorded for the last-named 



Fig. 17. A-C, Coccomyxa dispar Sch- 
midle (after Schmidle); C, a dividing 
cell. D, C. sabellipsoidea Acton fafter 
G. S. West, x750). E-G, Elakatothrix 
gelatinosa Wille (after Wille); E, young 
colony ( xl80); F, 4-celled colony ( x 
425); G, single cell ( x600). H, Astero- 
coccus supenms (Cienk.) Scherffel (after 
Scherffel, ^580); cv, contractile vacu- 
oles; p, pyrenoid. 


sp. really belong to it'(cf. 

Chodat, 1913, p. 224 ; Pascher, 

1915, p. 211). Species of this genus form the algal constituent of the 
Lichen Solorina (found by the writer both in 5. crocea and S, saccata; 
cf. also Chodat, 1913, p. 224). 

The genus Botrydina de Br6bisson, 1839, of which R. vulgaris Br6b. 
occurs among Mosses on damp ground, on the trunks of trees, etc., 


^ Schmidle, Ber. Deutsch. Bot. Ges. xix, 1901, p. 20; Acton, Ann. of Bot. 
xxiii, 1909, p. 678; Wille, Nyt Mag. f. Naturvidensk. xlviii, 1910, p. 298; 
Chodat, 1918, p. 224. 
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has been sliown by Acton ^ to be a Lichen, of which C. subellipsoidea 
Acton is the algal component in the case of the sp. just named (cf. 
also Pascher, 1015, p. 211). 

Elakatothriv Wille, 1898*^ (Fusola Snow, 1903). Cells fusi- 
form or bacilliform, arranged in rows or more irregularly within 
a sti’uctureless mucilage-envelope, often with a tough limiting 
layer. Chloropl. parietal, occupying most of the length of the 
cell, with a large ])yren. Reprod. by transv. div. and by brown- 
coloured akinetes. 

K, gehitinosn AVille (cells 3-4 hr.; 10 25 1.) (fig. 17, E G) is a rare 
})lankton-Alga that has been found in some of the Brit, lakes and in 
a clay-pit near Durham. 

Asierococcus Seherffel, 1908^. Cells globose or subglobose, 
singly, or in groups of 2-4 within very wide concentrically 
lamellosc mucilagc-einelopcs. Cell-wall thin; chloropl. star- 
shaped with a central pyren. and numerous ])rocesses extending 
uj) to the cell-wall, where they are slightly expanded; two contr. 
vacs, and a lanceolate stigma present (fig. 17, H). Reprod. by 
div. and by biciliate zoosj). formed singly from the entire cell- 
contents. 

A. superbus (Cienk.) Seherffel (Pleurococcus superbus Cienk.; 
Gloeocysiis wfimonum W. <fc G. S. West) (figs. 17, H and 18, A- E) 
is the only Brit, sp.; it has large cells (diam. 25-30), often filled with 
starch-grains, and a striking lamellated mucilage-envelope, that of a 
single cell often reaching 180 p. In its possession of contr. vacs, and 
an eye-spot and the apparent ready assumption of a motile phase, it 
would seem to be not far removed from a flagellate stock. No form 
with a stellate chloropl. is however at present known among Chlamy- 
domonadales. 

Gloeocystis^l^aegeW, 1849^. Cells globose or ellipsoid, embedded 
in large numbers in an indefinite mass of mucilage formed from 
the membranes of successive mother-cells and generally showing 
marked stratification about the cells. Chloropl. parietal, bell- 
shaped, with one pyren. Biciliate zoosp. and akinetes recorded. 

The most abundant of the two Brit. sp. is G, gigas (Kiitz.) Lagerh. 
(GL ampla (Kiitz.) Rabenh., Chlorococcum gigas Grun.), found in 
stagnant waters among other Algae; it has globose cells (10-17 br.) 
which are often grouped in tetrads (fig. 18, F~H). G. vesiculosa Naeg. 

1 Ann. of Hot. xxiii, 1900, p. 579. 

- Wille, Biol. Centralbl. xviii, 1898, p. 302; West and West, 1909, p. 291 ; 
Smith, 1920, p. 139. 

® Seherffel, Ber. Deutseh. Bot. Ges. xxvi a, 1908, p. 7G2; Smith, Trans. 
Wisconsin Acad. Sci. xix, 1918, p. 627. 

^ Naegeli, 1849, p. 65. 
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has smaller cells (4r-12 br.) which are sometimes ellipsoid; it is found 
both in stagnant water and as an early coloniser on burnt heath. These 
commonly encountered forms are not altogether free from the suspicion 



Fig. 18. A-E, Aslerococcus mperbus (Cienk.) Scherffel, from Barnes 
Common, Surrey. F~H, Gloeocystis gigas (Kiitz.) Lagerh., from Wimble- 
don Common, Surrey. (All x 420.) 

(stronger in the case of other sp. of the genus) that they belong, as 
Palmella-stBLgeSy to the life-cycles of other green Algae. 

Capstdococcus Bennett, 1888^ (with C. crateriforrnis Benn.), de- 
scribed from the English Lake District, is doubtful and awaits 
rediscovery. 


' Bennett, Journ. Roy. Microscop. Soc., 1888, p. 8. 
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Dactylothece Lagerheim, 1883^. Closely resembling Gloeocystis, 
but with oblong-ellipsoid cells dividing only in one direction. 
No other method of reprod. known. Chloropl. a parietal plate 
occupying only about two-thirds of the cell, with or without a 
pyren. 



Fig. 19. Dactylothece Braunii Lagerh., A, from near Bradford, 

W. Yorks; B-D, from near Senens, Cornwall ( x420). 

X>. Braunii Lagerh. (fig. 19) occurs in damp situations and in 
Stagnant pools (cells 3*5-4*8 br.; 7-5-10-5 1.); the stratification of the 
mucilage is often obscure. Diverse opinions are held about the 
affinities of this Alga (cf. Pascher, 1915, p. 227; Wille, 1909, p. 71; 
Chodat, 1902, p. 285). 


, jj. y VYine, 


Family 2. TETRASPORACEAE 


This family, which is probably more natural than the last, 
again comprises a number of palmelioid “forms characterised 1^ 
frequent grouping of the cells in fours and the possession of two 
or more fine protoplasmic outgrowths, the pseudocilia (cf. p. 66), 
arising from eacb^cdl and extending usually to the surface of 
the enveloping mucilagerThe colls show a typical Ch tamydj^ 
monad structure and their multiplication within the colonies 
takes place by division chiefly in two planes. The reproduction 
is not well known, but zoospores and isogamous gametes have 
been recorded in most genera. 

Schizochlamys A. Braun, 1849 2 . Cells globular or slightly 
ellipsoid, often with a slight flattening or depression at one end, 
irregularly disposed within structureless mucilage; cell- wall 
often moderately thick, the outer portion commonly becoming 
ruptured (owing to mucilage-formation below it) and cast off 
in one or four distinct pieces which remain in the mucilage near 
the cells. Chloropl. with a naked pyren. (in all cases?); in one 
sp. two contr. vacs, near the flattened pole, but no stigma. 
Pseudocilia (in one sp.) of diverse length, arising in radiating 

^ Lagerheim, Ofvers. K. Sv. Vet.-Akad. Ffirhandl. xl, 1883, No. 2, p. 64. 

* Kiitzing, Spec. Alg., p. 891; Braun, Verjiing. i. d. Natur, 1851, p. 193 
(Engl. Transl. 18.53, p. 181); Scherffel, Ber. Deutsch. Bot. Ges. xxvi. A, 
1908, p. 783. 
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tufts from the flattened pole (fig. 21, D, more distinctly seen 
after treatment with alcohol). Reprod. by means of quadri- 
( rarely bi-) ciliate cylindrical or ovate zoosp., provided with an 
eye-spot. Gametes unknown. 

There are two Brit, sp., viz.: S, gelatinosa A. Br. in which the 
membrane splits into four pieces (cells 9*5-15 br.) (figs. 20, A-B and 
21, D-E), and 5. delicatula West in which it is cast off in one piece 
(cells 5*8-6*7 br.) (fig. 20, C). The former occurs in very extensive 
gelatinous masses, often several cms. in diam., in ditches, ponds, etc., 
whilst the colonies of S, delicatula are much smaller (rarely exceeding 
300 in diam.) and show a distinct preference for Sphagnum-^ools ; 
they have also been found in the plankton. S, delicatula requires 
investigation in the light of Scherffel’s work on S, gelatinosa (loc. cit.). 



Fig. 20. A-B, Schizochlamys gelatinosa A. Br., from Loughrigg, West- 
morland. C, S. delicatula West, from near Bowness, Westmorland 
( X450). 


Tetraspora Link, 1809^ (inch Siapjia Chodat, 1897). Cells 
spherica-1;, or in twos and fours within 'tEe 

Periphery of structureless mucilage to form microscopic free- 
floating spherical colonies or, more commonly, macroscopic, 
indefinitely expanded or more or less mtest iniform and con- 
voluted masses; the latter at first attached, later free-floating. 
Chloropl. with pyren. Pseudocilia paired, often of considerable 
length. Reprod. by (lYbiciliate zoosp., (2) isogaraous gametes 
forming a spherical zygosp., and (3) spherical akinetes with 
thick brown walls. 

‘•ySthe four Brit. (Vauch.) Desv. (inch explanat a 

Ag. (fig. 21, A, B)), with a vesicular gelatinous colony, later tearing 
open irregularly, is the commonest; cells 6-12 br. T. lubrica Ag., with 
tubular usually much lobed colonies, may be but a form of the first- 
named sp. (cf. West, 1904, p. 248). Both are found in stag nant 
waters jjas p. in spring. There are two microscopic planktonic sp.,’vizi, 
l^TTacuMris Lei^m. (cells 7-8 br.; pseudocilia long) and T. limnetica 

^ Reinke, Jahr^S^^iss. Bot. xi, 1878, p. 641 ; West and West, 1912, p. 481 ; 
McAllister, Ann. of Bot. xxvii, 1913, p. 681. 
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Fig. 21. A~C, Tetraspora gelatinosa (Vauch.) Desv.; A, small part of 
thallus seen from the surface (after Reinke, x 525); B, in section, snowing 
pseudocilia (after Chodat, x500); C, swarmer. D-E, Schizochlamys 
gelatinosa A. Br. (after Scherffel, x560); D, single cell, the pseudocilia 
actually much longer; E, formation of swarmers. 



Fig. 22. Apiocystia Brauniana Naeg., from near Bowness, 
Westmorland ( x 4bo). 
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W. & G. S. West (cells 4 br. ; pseudocilia short) ; the former has been 
suspected of being but a stage in the life-cycle of Sphaerocyaiis 
Schroeteri (q.v.), but the issue is undecided. 

Apiocystis Naegeli, 1849^. Colonies small, commonly pear- 
shaped and epiphytic on larger Algae, the envelope usually with 
a well-defined firm bounding layer; cells spherical, each furnished 
with two pseudocilia, penetrating into the surrounding water, 
the projecting portions with special mucilage-envelopes of their 
own. Chloropl. with pyren. Reprod. by biciliate zoosp., iso- 
gamous gametes, and spherical akinetes with a thick verrucose 
membrane. 

A, Brauniana Naeg. (colonies 12-1000 p or upwards 1. ; cells 6-8 br.) 
(fig. 22) is not uncommon in ponds, ditches, bog-pools, etc. 

GROUP 2. CHLOROCOCCALES2 

Among the unicellular Chlamydomonadales asexual reproduc- 
tion of the individual is often preceded 6y*withdfawal of the cilia 
afld^ cessation of movement. If this brief motionless phase 
become Indeftnitdy prolonged at the expense of the period of 
free movement, m other words if the s warmer come to rest soon 
after its liberation and remain passive during a prolonged period 
of vegetative growth before renewed production of motile ceUs 
takes place, we should have realised all the essential features of 
a simple member of the Chlorococcales, such as Chlorococcu/m 
(fig. 28, C, G). Here the often spherical cells possess much the 
saihe internal structure as a Chlamydomonas, although Jacking 
the special equipment (stigma, contractile vacuoles) that is 
ordinarily associated with the motile pTia^er The chloroplast 
is essentially the same as that of many Volvocales. It is a 
parietal, almost spherical structure, with an aperture at one 
side of the cell, a single pyrenoid being often embedded in the 
opposite side of the sphere, lliis type of cell-structure is typical 
of many Chlorococcales and for the sake of brevity may sub- 
sequently be referred to as '‘chlorococcoid.” At first there ip a 
single central nucleus, though usually as the cell enlarges both 
hucleus and pyrenoid multiply. 

Whffl the cells tiave reached_a„c§rtain size successive division 
of the prot oplast into two, tour, eight, etc. pafB takes place, 
eaelT acquires an ovoid or oblong shape arid two cilia, and then 

^l^egeli, 1849, p. 67; Correns, Zimmermanns Beitr. z. Pflanzenzelle, 
Heft III, 1898, p. 241 ; Moore, Journ. Linn. Soc., Bot. xxv, 1890, p. 862. 

* This correspondis to the group Protococcales of Oltmanns, Brunnthaler, 
etCi Since ProtoaKcus, if the name be retained at all, is not a member of this 
group, it is deemed best to drop the old designation. 
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HJpture of the membrane these naked s warmers (zoospores) 
are set free (fig. 28, F); at thHrlirst liberationras in si) many of 
the filamentous Algae, they are often surrounded by a delicate 
vesicle which in a few seconds dissolves away. After a period of 
movement the cilia are withdrawn, the zoospore rounds off 
with the formation of a cell-menibrane, a new^egetative phj 3 -§e 
is mltia^^^ cases these zoospores may act as gametes 

(fig. 23, producing a spherical zygospore which becomes a 
new individual. As a matter of fact there appear to be no strong 
sexual tendencies in any of the simpler Chlprococcales, and tLis 
well worthy of note in this connection that no case of oogamy 
and only one of anisogamy (P%2/ZZoHwm) is reported from any 
member of the group,... J 

In studying the life-history of species of Chlorococcum, forma- 
tion of aplanospores (cf. p. 43) has often been observed, although 
it is not clear how readily this occurs in nature. These “arrested 
zoospores” are often formed in considerable numbers and it 
appears that the phenomenon may be repeated for more than 
one generation, with the development of palmelloid stages^ 
whose cells may ultimately fall apart and resume the normal 
vegetative phase or be liberated as swarmers. In any case the 
aplanosporic state of Chlorococcum plainly shows the manner of 
evolution of such a form as Chlorella (fig. 23, A, B; 32), which 
appears as the starting-point of a whole series of Chlorococcales 
in which motility is apparently altogether suppressed. No de- 
tailed description of C7i/or^//o is necessary at this point (cf. p. 118), 
suffice it to say that C. vulgaris Beyr. (fig. 23, A, B) is a replica of 
Chlorococcum developing new individuals straight away within 
the parent cells. 

We owe to Oltmanns^ and Brunnthaler^ the clear recognition 
of these two types of unicellular Chlorococcales and of their 
interrelationship. Following the latter we may distinguish two 
main series, the Zoosporinae and the Autosporinae^, of which 
Chlorococcum and Chlorella respectively represent the simplest 
known forms. It would however be incorrect to assume a 
common ancestry for all the forms grouped in these two series, 
since the Chlorococcales are almost certainly polyphyletic. A 
mere survey of the unicellular members suffices to make this 
clear; among the zoosporic forms we have Trehouxia (fig. 28, K) 

^ cf. Bristol, Journ. Linn. Soc., Bot. xuv, 1920, p. 478. 

* Oltmapns, Morph, u. Biol. d. Alg., first edit., 1904, p. 184. 

* Verhandl. k. k. zool.-bot. Ges., Wien, 1918, p. 76. 

So called, because the daughter-individuals, both of the unicellular and 
colonial forms, usually acquire complete differentiation before they are 
liberated from the parent (cf. p. 44). Much the same thing occurs in the 
•majority of the motile Volvocales. 
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with an axile massive lobed chloroplast, Gerneck’s Dictyococciis^ 
with numerous parietal lenticular chloroplasts, and the Chloro- 
chytrieae with highly elaborated chloroplast-structure, whilst 
among the autosporic forms we have such an outstanding 
type as Erernosphaera (fig. 31). At the same time it is possible 



Fig. 23. A-B, Chlorella vulgaris Beijer. ; A, three cells, the two on the right 
showing stages in division (after Chodat, x 800); B, liberation of daughter* 
cells (after Grintzesco, x 800). C~F, Chlorococcum humicolum (Naeg.) 
Rabenh. (after Bristol, E x 1435, the others x 825) ; E, fusion of swarmers; 
F, their liberation, G, C. infusionum Menegh. (after Artari, x800). 
H, Chlorosphaera consociata Klebs (after Artari, x 440). I, Young Hydro- 
dic<i/on -colony, arising within ruptured TetraSdron-stAge ( after Pringsheim, 
X 300). J, Radiococcus nimhalus (De Wildem.) Schmidle (after De Wilde- 
man, x200). K, Trehouxia humicola (Treboux) (after Chodat). 

that some of the unicellular and simpler colonial Chlorococcales 
are reduced from higher filamentous forms, but this is none too 
likely in view of the complete absence of vegetative division. 
This last should be clearly realised, since it forms perhaps the 
most marked connecting link between Chlorococcales and Volvo- 

i Gemeck, 1007, p. 281. 
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cales. Nowhere in these two groups^ is division of the cell by a 
simple septum to be encountered. 

Many of the simpler Chlorococcales exhibit more or less pro- 
nounced saprophytic tendencies. Thus, Chlorococcum infusionutn 
(Schrank) Menegh. favours stagnant waters rich in decaying 
matter, several species of Chlorella are capable of thriving in 
organic media (sewage, etc.)^ sometimes with loss of chlorophyll, 
and others occur in the sappy exudations from various trees 
This tendency also finds its expression in the occurrence of 
species of Chlorella as symbiotic “green cells’" within the bodies 
of various animals {Paramoecium, Hydra, freshwater sponges^), 
and in the occurrence of Trebouxia as the algal component of 
numerous Lichens (cf. p. 107). The same tendency may be 
responsible for the space-parasitism of Chlorochytrium (fig. 26, D) 
and Phyllohiuni (fig. 26, A). 

Chlorochytrium is really nothing but a rather highly elabor- 
ated Chlorococcum, whose swarmers (sometimes zoospores, 
sometimes motile zygotes produced by the fusion of the swarmers) 
settle down on the surface of various higher aquatics (especially 
species of Lemua), After forming a membrane, a tubular pro- 
longation grows into the “host,” either through a stoma or 
between two epidermal cells, and swells out within one of the 
air-spaces. Here it forms a large cell which receives all the 
protoplasmic contents of the swarmer. This is the vegetative 
phase which lasts usually until the following season (fig. 26, D), 
when numerous zoospores are again formed and set free by 
rupture of the membrane and decay of the dead tissues of the 
host. In Phyllohium the germinating swarmer gives rise to a 
system of branching coenocytic tubes within the intercellular 
spaces of the host (leaves of Lysimachia, Sphagnum (fig. 26, A), 
etc.); at their ends large dark green swellings are formed (fig. 
26, B), which show up conspicuously against the dead leaf- 
tissues and constitute the sporangia from which fresh swarmers 
are subsequently produced. This is obviously an advanced type, 
as shown also by the possession of anisogamous gametes, and 
points the way in which a line of fungal evolution might be 
initiated (cf, Rhodochytrium)^, 

^ Except in Chlorosphaera (p. 107), which is very probably a reduced type. 

* Beijerinck, Bot. Zeit. xlviii, 1890, p. 730; Chick, Proc. Roy. Soc. 
London, lxxi, 1903, p. 458. 

® cf. Kruger, in Zopfs Beitr. z. Physiol, ii. Morph, iv, 1894, p. 91. 

* Famintzin, M^m. Acad. Imp. Sci. St P^tersbourg, 7 s^r. xxxviii, 1891, 
No. 4; Brandt, Archiv f. Anat. u. Physiol., Physiol. Abt., 1882, p. 125; 
Beijerinck, loc. cit. p. 745; Limberger, Sitz.-Ber. Akad. Wien, cxxvii, 
1918, p. 395. 

^ Lagerheim, Bot. Zeit. li, 1893, p. 43. 
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Consideration of the remaining Chlorococcales resolves itself 
largely into a study of diverse types of colonies and coenobia 
which, except in Hydrodictyon (fig. 30), remain of microscopic 
dimensions and are mostly planktonic. In some of the simpler 
Autosporinae (e.g. Radiococcus (fig. 23, J); Kirchneriella. 
(fig. 43)) the small groups of cells are merely held together by a 
spherical or oblong envelope of secreted mucilage which may or 
may not be readily visible; similar colonies occur in a number 
of species of Oocystis (fig. 35, G), but here the mucilage-envelope 
appears to arise by the gelatinisation of the mother- cell mem- 
branes. Another simple method of colony-formation is seen in 
Dactylococcus (fig. 39) and Selenastrum (fig. 42) in which small 
groups of cells cohere at some point of their surface without any 
obvious mucilage-investment. In many species of Ankistrodes- 
mus (fig. 40) the contact is so loose that the cells as often as not 
are found singly. In most of the forms so far mentioned the 
cells of the colony multiply by successive division of their 
protoplasts into usually four parts (cf. fig. 40, G, H; fig. 43, C) 
which, after acquiring membranes of their own, are liberated by 
the splitting or gelatinisation of the wall of the parent. A rather 
exceptional type of colony is seen in Ankistrodesmus falcatus 
var. stipitatus; here, after the membrane of the parent-cell has 
split open at one end, the daughter-cells shift to the aperture 
and becoming attached there form characteristic radiating tufts ^ 

This helps towards the comprehension of the method of 
formation of the colonies in Dictyosphaerium (fig. 44) and 
Dimorphococcus (fig. 46), although as a general rule the cells are 
also held together by a common mucilage-envelope. The single 
cell from which such colonies originate, after undergoing the 
customary double division of its protoplast, shows splitting of 
the membrane into four equal or irregular pieces which remain 
cohering at one point. The daughter-cells cling to the tips of 
these segments which commonly roll up to form thread-like 
structures (fig. 44). As this process is repeated time after time, 
colonies of some size arise, all the cells of which are connected 
by branching threads. 

The coenobial types are more highly specialised. In the 
Hydrodictyaceae division of the contents of a cell of the coeno- 
bium leads to the production of a number of biciliate zoospores 
(cf. fig. 28, G, J) which are never set free into the surrounding 
water, although passing out of the parent-cell into a delicate 
vesicle (fig. 28, G) in all except Hydrodictyon, In fact their mo\ e- 

^ cf. Chodat, 1902, fig. 89 (sub A. Braunii); Visclicr, Hev. Hydrul. i 
1920, p. 85, figs. 11-16. Similar colonies are met with in Ophincyiiinn 
(cf. p. 309). 
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ment is restricted to a slight quivering, lasting only for a short 
time. The cilia are very soon drawn in, the protoplasts assume 
the form and arrangement characteristic of the adult coenobium, 
and with the secretion of cell-membranes a new generation is 
initiated (cf. fig. 28, H; fig. 30, C). In the autosporic Coelastra- 
ceae {Scenedesmus (fig. 48); Coelastrum (fig. 49)) matters are 
essentially the same, but there is no zoosporic phase and the 
daughter-coenobia are immediately constituted from the products 
of successive division of the contents of a cell (fig. 49, D). In 
this family the individual cells of the coenobia are often held 
together by special mucilage pads or processes (cf. fig. 50, A). 
There is clearly not much difference between the coenobial types 
of the two series, as is well shown by the fact that suppression 
of cilia and of movement has been recorded for Pediastrum^, 
Moreover, Sorastrum (fig. 29), till recently regarded as one of the 
Coelastraceae, has now been shown to develop its daughter- 
coenobia as in the Hydrodictyaceae (cf. p. 115). The same fate 
may befall other Autosporinae, and here mention may be made 
of Massee’s record of zoospores in Dictyosphaerium^, an observa- 
tion which, however, awaits confirmation. 

As above mentioned, a large number of Chlorococcales are 
frequent in the plankton, and adaptations for this mode of life 
are seen in the development of plates (Pediastrum (fig. 28); 
Crucigenia (fig. 47, A~F)), needles {Ankistrodesmus (fig. 40); 
Closteriopsis (fig. 41, A)), and the frequent occurrence of wide 
mucilage-envelopes {Kirchneriella, (fig. 43)). Special develop- 
ments in this sense are the elaborate nets of Hydrodictyoriy and 
the various members of Chlorellaceae and Oocystaceae in which 
the cells are provided with more or less numerous and often 
elongate bristles, whereby the floating capacity is increased 
(Micractinium (fig. 34); Chodatella (fig. 37, G-I)). A mere 
glance at the figures of these forms suffices to show their close 
affinity with other types {Chlorella, Oocystis) not so equipped. 

The near relationship of even the more specialised genera 
with the unicellular types is shown by the not uncommon pro- 
duction of isolated cells, scarcely distinguishable in shape or 
mode of reproduction from those of a Chlorella, in such forms 
as Ankistrodesmus, Scenedesmus, Coelastrum, etc.^ The conditions 
that lead to this reversion to the unicellular state are not alto- 
gether clear. Both in Ankistrodesmus^ and Scenedesmus (cf. 

1 West, 1916 a, p. 217. 

* Massee, Journ. Linn. Soc., Bot. xxvii, 1891, p. 461. 

* cf. Senn, Bot. 2^it. lvii, 1899, p. 40; Chodat, 1902, p. 168 et seq.; 
Chodat, 1913; Rayss, Mat. pour la FI. Crypt. Suisse, v, 1916, Fasc. 2; 
Vischer, loc. cit. 

* Vischer, loc. cit. p. 34, figs. 1-3. 
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p. 128) stages analogous to those presented by Dactylococcus are 
often seen; in fact one “species” of the latter (D. infusionum 
Naeg. (fig. 48, B)) is quite certainly merely a phase of the common 
Scenedesmus obliquus (Turp.) Kiitz. and some algologists^ would 
doubt the independence of Dactylococcus altogether. 

Another indication of the close interrelation of the genera of 
Chlorococcales is furnished by the Tetraedron-steiges occurring 
in the life-cycles of Hydrodictyon (fig. 23, I) and Pediastrum, and 
more recently recorded also in Oocystis submarina Lagerh.*^ In 
the two first named they arise as the result of a sexual process. 
The gametes in these two genera are produced in the same way 
as the zoospores which they closely resemble; in this case, 
however, liberation into the surrounding water takes place and 
it is here that sexual fusion occurs with the formation of a 
spherical zygospore (fig. 28, K, L). The latter, after a period of 
rest, enlarges somewhat and its contents divide to form a small 
number of biciliate zoospores which swarm for a short time and 
then give rise to irregular cells, like those characteristic of the 
genus Tetraedron, These slowly enlarge and ultimately a new 
Hydroduty on-net or Pediastruyn-^\ate is formed from the contents 
by the asexual method above described (fig. 23, I). 

In O^cmtis^s^m all Aut Q§.Pprina^ 

arise by a rejqyetiescmce of the pro- 
t^opiast^f the represent resting;;stagesj. from 

the contents of which the vegetative cells are subsequent^^ 
produced. There can be ho doubt, however, that there are also 
rhdependent species of Tetraedron reproducing again and again 
forms resembling themselves (fig. 38, A, B). 

Following the arrangement proposed by Brunnthaler^ (loc. cit.) 
the Chlorococcales are here classed in two series, viz. : 

I. Zoospormae, in which reproduction is effected by motile cells 
(zoospores or gametes). 

II. Autosporinae. in which motile cells are absent and asexual 
reproduction is effected by means of aplanospores (autospores) which, 
before being set free from the parent individual, acquire all its 
characteristics ; sexuality is not known to occur in this series. 

Both series include unicellular and colonial or coenobial forms, 
which in the majority of cases are distinguishable from one another 
without reference to the mode of reproduction. The autosporic series 
is represented by a far greater diversity of forms — many of them 
specially adapted to a planktonic life — than the zoosporic one. 

1 Wille, 1909, p. 66. 

2 Wille, Ber. Deutsch. Bot. Ges. xxvi a, 1908, p. 816 et seq. 

® cf. however Geitler, Arch. f. Protistenkunde, xlvii, 1924, p. 444, where 
a different system is advocated. 
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The following scheme should facilitate the identification of the 
British genera of Chlorococcales : 

Series I. Zooaporinm, 

A. Cells or coenocytes of varied form', free-living or endophytic 

Chlorococcaceae 

a, Cells usually spherical*, or. more or less fusiform and* 

epiphytic, but not endophytic in higher plants Chlorococceae 

1. Cells approximately spherical, not epiphytic 
♦ Cells never showing septation 

t Chloroplast parietal, spherical, with an aperture on 
one side Chlorococcum 

ft Chloroplast axile, massive, more or less lobed Trebonxia 
♦ ♦ Cells occasionally showing septation , chloroplast spherical* 

Chlorosphaera 

2. Cells commonly elongate, epiphytic Characium* 

6. Cells or coenocytes of varied shape, usually as endophytes in 

higher plants, with elaborate chloroplasts Chlorochytrieae 

1. Mature coenocytes with a thick wall, more or less rounded, 

free-living or more usually epi- or endophytic 

Chlorochytrium 

2. Mature coenocytes forming a system of branching tubes, 

endophytic Phyllohium 

B. Coenocyte, on damp mud, differentiated into a colourless sub- 

terranean rhizoid and a rounded green overground vesicle 

Protosiphon (Protosiphonaceae) 

C. Coenobia composed of two or more cells, formed by apposition 

of zoospores, never completely liberated from the parent-cells 

Hydrodictyacene 

Coenobium a flat plate, microscopic 

1. Coenobium two-celled Euastropsis 

2. Coenobium of usually more than two, mostly of 32 or more 

cells Pediastrwn 

b, Coenobium spherical, microscopic, up to 64-celled, cells 

stalked, the stalks united at the centre Sorastrum 

c, Coenobium of large coenocytes arranged in the form of a net, 

macroscopic Hydrodictyon 

Series II. Ai^^iggmmae, 

A. Unicellular, cells large, spherical, with numerous peripheral 
chloroplasts* Eremosphaeracene 

Only British genus Eremosphaera 

' Cells often epiphytic, provided with sheathed or forked, often gelatinous 
bristles, see Chaetopeltidaceae (p. 204). 

* Cells rod-shaped, sometimes cohering to form short filaments, see 
Stichococcus (p. 158). 

* Cells usually dividing by transverse septa, chloroplast a parietal plate, 

see Pleurococcus (p. 209). * cf. also Characiopsis (p. 308). 

® If chloroplasts yellow-green and starch absent, cf. Botrydiopsis (p. 807). 
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B. Unicellular or colonial, cells usually globose, generally with an 

almost spherical chloroplast (except Trochiscia) 

Chlorellaceae 

a. Cells not provided with bristles Chlorelleae 

1 . Cells with a smooth membrane and a single chloroplast 

♦ Cells usually single, or cohering in small groups, without 

a special mucilage-envelope Chlorella 

** Cells arranged tetrahedrally within a special mucilage- 
envelope Radiococcus 

2. Cells with a variously ornamented wall and sometimes 

several chloroplasts Trochiscia 

b. Cells provided with long bristles, planktonic forms ^ 

Golenkinieae 

Only genus Micractinium 

C. Unicellular or colonial, cells oblong or ellipsoid or (Tetraidron) of 

very irregular shape, chloroplasts variable Oocystaceae 

a. Cells oblong or ellipsoid, not provided with bristles 

Oocysteae 

1. Cells destitute of wing-like prolongations of the membrane 

♦ Cells usually ellipsoid*, often isolated, sometimes forming 

colonies Oocystis 

*♦ Cells often curved, oblong or ellipsoid, generally in small 
numbers within a mucilage-envelope Nephrocytium 

2. Cell-membrane provided with a number of longitudinally 

arranged wings or ridges Scotiella 

h. Cells more or less ellipsoid, with bristles Lagerheimieae 

1. Bristles with a basal swelling Lagerheimia 

2. Bristles without a swelling Chodatella 

c. Cells of varied, usually angular shape, often with short spines 

Tetraidreae 

Only genus Tetraidron 

D. Colonial, cells rarely solitary, of varied shape, but not globose, 

either held together by mucilage or cohering by parts of their 
surface Selenastraceae 

a. Cells elongate, isolated or in small groups 

1. Cells attenuated to acute apices, by which they are often 

connected to form loose colonies Daciylococcus 

2. Cells more or less needle-shaped*, of moderate length 

♦ Cells isolated or in small loose aggregates, new individuals 

formed by transverse or crosswise division 

Ankistrodesmus*^ 

** Cells in parallel bundles of 2-8, enclosed by a mucilage- 

^ Cells often epiphytic, provided with sheathed or forked, often 
gelatinous bristles, see Chaetopeltidaceae (p. 204). 

* If chloroplasts are blue-green, see Glaucocystis (p. 498). 

* If septate, see Raphidonema (p. 190). 
cf. also Elakatothrix (p. 90). 
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envelope, new individuals formed by longitudinal 
division Quadrigula 

3. Cells greatly elongated, attenuated into bristle-like points 

Closteriopsis 

4. Cells ovoid, oblong, or club-shaped, often attached by their 

apices to form radiating colonies Actinastrum 

b. Cells more or less lunate, colonial 

1. Cells attenuated, arranged back to back to form small 

colonies without mucilage-envelope Selenastrum 

2. Cells loosely and irregularly disposed within a wide mucilage- 

investment Kirchneriella 

E. Colonial, cells spherical, oblong, or curved, connected by the 

often thread-like persistent walls of successive mother-cells 
into more or less compact colonies Dictyosphneriaceae 

a. Cells of a colony all of one shape 

1. Cells indefinitely disposed, colonies spherical or ovoid 

* Forked connecting threads well-marked, chloroplast 
parietal Dictyosphaermm 

** Connecting threads indistinct, cells in radial series, 
chloroplast axile Diclyocysiis 

2. Cells grouped in fours in one plane, colonies irregular 

Westella 

h. Cells in irregular colonies in groups of four, two of each group 
differently shaped to the other two Dimorphococevs 

F. Coenobial, coenobia flat plates, rows, or spherical grou|)s of cells, 

showing a very regular arrangement Coeldstraceae 

a, Coenobia flat, of variously shaped cells, with a mucilage- 

envelope 

1. Coenobia of 4 32 cells in groups of fours, without marginal 

spines Crucigenia 

2. Coenobia of four cells, with marginal spines or processes 

Tetrastrum 

b, Coenobia usually of four or eight ellipsoid cells, united by 

mucilage-pads 

1. Coenobia of four or eight cells, forming a single or double 

row, all in one plane Scenedesmus, 

2. Coenobia of four cells, ranged parallel to one another, in 

two planes Teiradesmm 

c, Coenobia spherical, hollow, of 8-32 cells, united by special 

connecting pads Coelastrum 

Series I. ZOOSPORINAE 

Family 1. CHLOROCOCCACEAE 

The forms comprised here are unicellular or coenocytic Algae, 
occurring in a great diversity of habitats and including an inter- 
esting series of “space-parasites.” The chloroplast is usually 
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single and becomes very elaborate in the Chlorochytrieae ; one 
or more pyrenoids are always present. Reproduction is normally 
effected by biciliate swarmers produced in considerable numbers 
by division of the protoplast. These act either as zoospores or 
gametes, in either case sooner or later coming to rest and initiating 
a new vegetative phase. The gametes are isogamous, except in 
Phyllobium, where anisogamy has been reported. 

Sub-family 1 . Chlorococceae 

Cells usually spherical (except Characium), with a simple 
chloroplast, not endophytic. 

Chlorococcum Fries, 1825^ (inch Cystococcus Naegeli, 1849), 
Cells spherical or, when massed to form a stratum, often angular 
as the result of mutual pressure, terrestr. or aquat. Chloropl. 
parietal, bell-shaped or almost completely spherical (cf. p. 95), 
usually with a median pyren. (several in older cells); membrane 
relatively thin; cells at first uni-, later multinucleate. Reprod. 
by biciliate zoosp. (8 -82 per cell) or aplanospores ; zoosp. some- 
times acting as gametes. Akinetes with a thick wall and filled 
with orange-coloured oil also known. 

The above diagnosis accords with the characteristics of Algae that 
have in recent years been usually referred to the genus Chlorococcum, 
although none of the details of cell-structure mentioned are recognis- 
able in Fries’s description. In using his generic name one is therefore 
appropriating to it a special sense which its author could hardly have 
intended. The first fairly satisfactory figure of a species of this genus 
is that of C. infusionum published by Meneghini in 1842^; although 
details are lacking, there can be no question but that the chloroplast 
is parietal and that it occupies practically the whole periphery of the 
cell. In 1849 Naegeli (loc. cit.) established another (terrestrial) species 
under the name of Cystococcus humicola; his figures are scarcely an 
improvement on Meneghini’s, although the pyrenoid is recognised 
and additional details are given in the text. Since Meneghini’s figure 
and description is prior to Naegeli’s, the generic name Chlorococcum 
must have priority over Cystococcus, Brand (1925) uses the former 
name in a sense which is altogether unwarranted (cf. under Trebouxia 
below), whilst he wrongly adopts Naegeli’s genus for the form here 
referred to Chlorococcum (cf. e.g. p. 304). 

Only two sp. of Chlorococcum are certainly known to occur in Gt. 
Brit. Of these, C. humicolum (Naeg.) Rabenh. {Cystococcus humi- 
cola Naeg. ; Chlorosphaera limicola Beij.) (fig. 23, C-F) is a widely 

^ cf. Naegeli, 1849, p. 84 (sub Cystococcus)', Artari, 1892, p. 11; Bristol, 
Journ. Linn. Soc., Bot. xliv, 1920, p. 473; Puymaly, Rev. Algol, i, 1924, 
p. 107. 

® Meneghini, Monogr. Nostoch. ital., 1842, p. 27, t. ii, fig. 3. 
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distributed terrestrial form found in similar habitats to those frequented 
by the familiar Pleurococcus and often specially abundant on stone- 
and brick- work ; it has also been obtained regularly from cultures of 
cultivated soils (Bristol, 1920, p. 75); cells usually 3-20 br., but 
sometimes much larger. C. infusionnm (Schrank) Menegh. (Chlorelln 
ittfmiomim Beij.; cells 10-15 br., sometimes much larger) (fig. 23, G) 
is not uncommon in stagnant pools relatively rich in organic matter; 
the membrane is often rather thick and stratified. 

Pleurococcus rufescens (Kiitz.) Breb. (cf. p. 212) is probably a species 
of Chlorococcum. 

Trebouxio Piiymaly, 1924^ (Cystococcns of Treboux^, Chodat^, 
and other recent authors; Chlorococcum Brand, 1925). Cells 
spherical, with a thin wall, terrestr. Chloropl. axile, massive, 
more or less lobed, with a central pyren.; nucleus situated 
between two lobes of the chloropl. Reprod. similar to Chloro- 
I'occum (cf. below). 

This Alga was first clearly distinguished from Chlorococcum by 
Treboux (loc. cit.). who applied to it the name Cystococcus humicola 
Xaeg. The latter is however a species of Chlorococcum (cf. above), and 
there is no evidence that Naegeli’s species included more than one 
form, although it is striking that he only observed aplanospores (cf. 
Puymaly, loc. cit. p. 110). Naegeli’s Cystococcus being merged in 
Chlorococcum, a new name must be given to the Alga at present under 
discussion. Trebouxia humicola (Treboux) (Cystococcus humicola 
Treboux non Naegeli* (fig. 23, K)) is a common terrestrial form 
occurring in the same habitats as Pleurococcm and Chlorococcum 
humicolum and also found as a soil- Alga; it sometimes forms almost 
pure strata and is readily distinguished by its chloroplast from the 
other forms with which it is associated; the cells are 2-25 br., some- 
times larger. Chodat (1913, p. 188 et seq.) has recorded zoospores, 
but aplanospore-development would appear to be more frequent. 

Brand (1925, p. 328 et seq.) refers to the genus Chlorococcum two 
forms which are manifestly species of Trebouxia and regards the 
former genus as characterised by the possession of an axile chloro- 
plast. The writer is of the opinion that there is no evidence in support 
of such a view. The identification with Chlorococcum is based on an 
assumed resemblance of a commonly occurring terrestrial Alga with 
axile chloroplasts (seemingly a form of Trebouxia humicola) with 
Greville’s Chlorococcum murorum^. Neither Greville’s figure, nor his 
description, however, admits of any conclusion as to the character of 
the chloroplast; moreover, his figure depicts elongate oval cells, 

' Puymaly, loc. cit. p. 109. 

^ Ber. Deutsch. Bot. Ges. xxx, 1912, p. 69. 

« Chodat, 1913, p. 186. 

* Gerneck’s Cystococcus humicola ( = Dictyococcus Geruecki Wille, 1909, 
p. 44) does not belong here. 

‘ Greville, Scott. Crypt. Flora, vi, 1828, p. 825. 
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almost rod-shaped, one and a half to twice as long as broad, and more 
like a Stichococcus (p. 158) than anything else. As pointed out above, 
the first figure of a species of Chlorococcuw , in which the character 
of the chloroplast can be recognised, leaves no doubt as to its parietal 
position. 

Treboux (loc. cit.) first pointed out that Trehotixia humicola is the 
symbiont in the common Lichen Xanthorin parietina ; the writer has 
examined Parmelinpinfsodes, P. cnpemta, various species of Cladonifit 
and Usnea floridana, and in all cases finds that the green gonidia 
removed from the thallus of the lachen possess all the characteristics 
of a Trebouxia, According to Chodat (loe. cit.) various species and 
physiological races are involved. Paulson and Hastings^ however 
come to the conclusion that the Lichen gonidia belong to a species of 
Chlorella, but there is no evidence that the former ever have the 
parietal, almost spherical chloroplast of the latter genus. Paulson 
and Hastings also conclude that the distinct central body of the 
Tachen-gonidium is a nucleus, but all recent work on the cytology of 
the Chlorococcales has shown that the nucleus of the latter invariably 
possesses a distinct nucleolus and a clear nuclear membrane. Of this 
structure nothing is to be seen in the central body of the gonidium, 
which is certainly a pyrenoid. On the other hand, the body inter- 
preted as the centrosome is quite clearly the nucleus, and the presence 
of several of such bodies in some of the cells shows that, as in 
Chlorococcum, nuclear division sets in some time before division of the 
protoplast takes place. 

Chlorosphaera Klebs, 18832. Cells with a thin wall, aquat., 
isolated or united to form flat or thread-like expanses, occasion- 
ally dividing by transverse septa. Chloropl. similar to that of 
Chlorococcum, but sometimes reticulate and commonly with 
several pyrens. Reprod. by biciliate zoosp. and akinetes. 
Probably a reduced type. 

The most important point of distinction from Chlorococcum lies 
in the occasional occurrence of vegetative divisions, whereby irregular 
flat expanses or short filaments may be produced. No sp. of the genus 
is certainly recorded from the Brit. Isles, but thread-like expanses 
similar to those figured by Artari for C. consociata Klebs (fig. 23, H) 
have occasionally been encountered by the writer epiphytic on various 
submerged Phanerogams. 

Characium A. Braun, 1849^ {Hydrocytium A. Braun, 1855; 

^ Journ. Linn. Soc., Bot. xliv, 1020, p. 502 et seq.; cf. also Paulson, 
Trans. Brit. Mycol. Soc. vii, 1921, p. 41, and Lorrain Smith, Lichens, 
Cambridge Bot. Handbooks, 1921, p. 56. I am indebted to Mr Paulson for 
allowing me to examine some of his preparations, and to Dr N. Carter for 
giving me the benefit of her considerable experience on algal cytology. 

* cf. Artari, 1892, p. 35 et seq. 

* Braun, 1855, p. 29; G. M. Smith, Ann. of Bot. xxx, 1916, p. 450; 
Carter, New Phytol. xviii, 1919, p. 184. 
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Hydrianum Rabenhorst, 1868). Cells spherical or more commonly 
ellipsoid, oblong, or fusiform, generally asymmetrical, with a 
usually short stalk expanded into a basal disc, epiphytic on 
larger Algae or aquat. animals. Chloropl. parietal, often very 
indistinct (chlorophyll diffuse), with one or more pyrens. 
Reprod. by biciliate zoosp., often formed in considerable numbers 
(16-32) by progressive cleavage of the protoplast and liberated 
through a lateral or terminal aperture. Palmella-stages and 
akinetes also recorded. 

Specific distinction^ is based almost entirely on the form and size 
of the cells. Some ten sp. are known in Britain ; of these the most 



Fig. 24. A and B, Characium Pringsheimii A. 13r.: A, from Mitcham 
Common, Surrey; R, attaehe<^l to a frustule of Tabellaria flocculom, from 
Gunwen Moor, Cornwall. C, C. subulatum A. Hr., from Wimpole Park, 
Cambridgeshire. D, C. IVesHanum Printz, from Pilmoor, N. Yorks. 
(All xf^520.) 

general are C. Sieholdii A. Br. without a sharply demarcated stalk 
and with rather broad ellipsoidal cells (40-70 1.; 20-33 br.), C. am- 
biguum Herm. with curved lanceolate pointed cells (15-30 1. ; 2*5-4 br.), 
C. Pringsheimii A. Br. (18-35 1.; 5-11*5 br.) (fig. 24, A and B), and 
C. ornithocephalum A. Br. with acuminate, asymmetric cells (19-33 
1. ; 8-12*5 br.) placed obliquely on the end of a relatively long stalk. 
C. Westianum Printz^ (C. ensiforme West) (fig. 24, D) has very 
elongate cells (65-86 1.; 2*5-3*8 hr.). C. Debaryanurn (Reinsch) De 
Toni (Dactylococcus Debaryanus Reinsch), with broadly elliptical cells 
(12-18 1.; 7-9*5 hr.), has been found epiphytic on Cyclops sp. in the 
Irish plankton. 

^ Species of this genus can be confused with germinating zoospores, 
especially of Chaetophorales. The absence of vegetative division and the 
customary presence of a stalk, however, make distinction easy. 

* cf. Printz, Vidensk. Selsk. Skrift., No. 4, 1915, p. 17. 
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Sub-family 2. Chlorocuytrieae 

Cells or coenocytes of varied shape, with elaborate ehloro- 
plasts, often endophytie. 

Chlorochytriiim Cohn, 1874^ (inel. Endosphaera Klebs, 1881; 
Scoiinosphaera Klebs, 1881; Centrosphaera Borzi, 1883; Stomato- 
chytrium Cunningham, 1888; Chlorocystis Reinhardt, 1885). 
Cells often endophytie in the intereell. sp. of various aquat. and 
marsh-plants (lig. 26, D), also in the soil, generally solitary, of 
varied shape (often ellipsoid or irregularly curved or lobed); 
cell-wall commonly thick and stratified, frequently with local 
excrescences. Chloropl. of a number of branches radiating out 
from a central mass and expanding at the periphery into broad 
parietal lobes or a complete parietal layer, usually with several 
scattered pyrens. Reprod. by biciliate swarmers formed in large 



Fig. 25. A, vegetative eell of Chlorochytrimn Lernnae Cohn, from Frizing- 
hall, W. Yorks ( x475). B-D, C. Facciolq^e (Borzi) Bristol; B and C, 
from near Senens, Cornwall ( x475); D, showing escape of zoospores 
(after Borzi, x4]0). 

numbers by successive div, of the protoplast and behaving either 
as zoosp. or gametes; aplanospores also observed. By thickening 
of the wall and storage of starch and oil the ordinary cells 
constitute resting-stages. 

Of the four sp., so far known to occur in the Brit. Isles, the com- 
monest is C. Lemnae Cohn (inch C. Knyanum Cohn and Szymanski), 
often found in species of Lemna (fig. 25, A; fig. 26, C, D); the resting 
cells are 40-100 hr. C, paradoxum (Klebs) G. S. West (Scotinosphaera 
paradoxa Klebs) has been found in a P/iormidiwrw-stratum growing in 
a soil-culture, although continental records show that it can also 
occur as an endophyte; the cells are 35-65 x 50-165, the membrane 
is often irregularly thickened, and the swarmers are formed from the 
contracted protoplast, the peripheral part of the cell-cavity being 

^ Klebs, Bot. Zeit. xxxix, 1881, p. 249; Bristol, Ann. of Bot. xxxi, 1917, 
p. 107; Bristol, Journ. Linn. Soc., Bot. xlv, 1020, p. 1. 
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filled with red j^ranules. C, Facciolaae (Borzi) Bristol (Centrosphaera 
Facciolaae Borzi) has globose, shortly ellipsoid, or irregular vegetative 
cells (26-42 hr.), which give rise to resting-cells (up to 80 /x br.) with 
peculiar localised projections of the thick membrane (fig. 25, B-D); 
the cells usually occur in a diffuse stratum among the filaments of 
various Oscillatoriaceae. 

The writer is on the whole in sympathy with G. S. West and Bristol 
as to the synonymy above given; doubt may be felt, however, in the 
case of Rndosphaern where the mode of formation of the swarmers is 



Fig. 26. A-B, Phyllobiumsphc^nicolurn G. 8. West (after G. S. West, x 250) ; 
A, edge of SphagnumAeaf with a number of resting-cells attached to the 
vegetative threads; B, shows details of the chloroplast. C-D, Chloro^ 
chyirium Lemnae Cohn; C, section of resting-cell (after Bristol, x720); 
D, small part of Lemiia with resting-cells (after Klebs, x 200). 

perhaps sufficiently distinctive to warrant a separate genus (cf. Klebs, 
loc. cit. p. 266). On the other hand, one may harbour a suspicion as 
to the independence of C. paradoxum and C. Facciolaae, 

Phyllobium Klebs, 1881 ^. Vegetative body composed of 
branched coenocytic threads, with or without septa, endophytic 
in or epiphytic on the leaves of marsh-plants. At certain points 
these threads swell up into elongate or globose thick- walled 
resting-cells, which receive all the protopl. contents and 
contain a complex chloropl., probably similar in type to that of 


1 Klebs, loc. cit. p. 268; West, 1908, p. 283. 
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Chlorochyirium; the resting-cells appear as bright green nodose 
swellings on the leaves of the “host.” Within them are formed 
macrogametes, microgametes about one-third the size of the 
former, and zoosp., all biciliate, each resting-cell producing only 
one kind of swarir^er. In sexual fusion the microgamete is com- 
pletely engulfed by the macrogamete, so that the zygote is also 
biciliate; zoosp. and zygotes settle down upon the “host” or 
penetrate into it by way of a stoma. 

P. dimorphum Klebs, which occurs usually in the dead leaves of 
Ajugciy Lysimachia, etc., forms its resting-cells along the principal 
veins ; it has not yet been found in this country, although common on 
the continent. P. sphagnicolum G. S. West has been observed in the 
Hebrides and Achill Island in dead leaves of Sphagnum, which were 
studded with the dark green resting-cells (18-42 br.) arising from 
vegetative threads ramifying through the pores of the leaf-cells 
(fig. 26, A, B). 


Family 2. PROTOSI PHON ACE AE 

This includes the single species Protosiphon hotryoides (Kiitz.) 
Klebs which has so far not been found in this country. It 
frequents the damp mud round the edges of ponds and is usually 
intermingled with Botrydium granulatum (L.) Grev. with which, 
prior to Klebs ’s investigations, it was confused. The coenocyte 
is differentiated into a green spherical or elongate aerial portion 
and a long colourless rarely branched subterranean rhizoid. The 
centre of both regions is occupied by a continuous vacuole, the 
parietal cytoplasm harbouring numerous nuclei and, in the 
aerial portion, a reticulate chloroplast with many pyrenoids. 
On the approach of drought the cytoplasm breaks up into a 
number of cysts, often with a thick membrane and red contents. 
Reproduction is effected by biciliate swarmers formed in large 
numbers, either from the ordinary individuals or from the cysts ; 
they may behave either as gametes or zoospores, in the former 
case producing thick-walled lobed zygospores which require a 
period of rest. 

Family 3. H YDRODICTY ACEAE 

The members of this family possess coenobia composed of cells 
or coenocytes of very diverse form, but the similarity of the 
reproductive processes indicates their close affinity. New coenobia 
may be formed either asexually or sexually. In the former case 
biciliate zoospores arise by simultaneous or successive cleavage 
of the protoplast of one or more individuals of the coenobium. 

1 Klebs, 1896, p, 169. 
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In Hydrodictyon the zoospores remain confined within the parent- 
coenocyte and, according to Klebs, are permanerjtly connected 
by delicate protoplasmic strands; in the other genera the mass 
of zoospores is liberated through a hole in the wall into a delicate 
vesicle, but they never swarm freely (fig. 28, G). In all cases the 
cilia are soon withdrawn and daughter-coenobia are formed, as 
the zoospores assume the form and arrangement typical of the 
particular genus (figs. 28, H; 80, E). Sexual reproduction, which 
has only been observed in Hydrodictyon and Pediastrum, 
involves the following steps : (a) production of biciliate isogametes 
which are liberated as separate s warmers (fig. 28, K) and fuse 
to form, {b) spherical zygospores (fig. 28, L) which after some 
time undergo gradual enlargement and give rise to, (c) a small 
number (2-5) of large biciliate zoospores which on coming to 
rest produce, (d) irregular TetraMron-stsiges which, after they 



Fig. 27. Euastropsis Richteri (Schmidle) Lagerh. A and B, from near 
Senens, Cornwall ( x 760). C-K, showing formation of young coenobia 
(after Lagerheim; highly magnified). 

have grown to a certain size, undergo division of their contents 
to form, (e) numerous zoospores of the usual type which, without 
swarming, reconstitute, (/) the normal coenobiiim in the way 
above described (fig. 28, I, p. 97). 

The Hydrodictyaceae are a highly specialised group of 
Chlorococcales recalling in some respects the simpler coenobial 
Volvocales, although a direct connection is altogether improbable. 
Daughter-coenobia are formed in either case by apposition of 
motile cells, although motility is but a very brief phase in the 
Hydrodictyaceae. Moreover, in both cases separate swarmers 
are liberated in connection with sexual reproduction. 

Euostropsis Lagerheim, 1894^. Coenobium of two flattened 
cells, joined along their straight inner margins, the outer 
margins widely notched, superficially resembling an Euastruin, 
Chloropl. a single parietal plate, with one pyren. Reprod. by oval 
biciliate zoosp., which swarm in a vesicle and then arrange them- 

* Lagerheim, Tromsfi Mus. Aarsheft. xvii, 1894, p. 12. , 
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selves in pairs to form a number of new coenobia. Sexual process 
unknown. The development of several coenobia from one cell is 
really the only marked point of distinction from Pediastrum, 

E. Richteri (Schmidle) Lagerh. (Euastruni Richteri Schmidle) (fig. 27) 
is only known in the Brit. Isles from bogs in Cornwall; coenobia 
10-40 1:; 0 25 br. 

Pj^iastrum Meyen, 1829^. Cocnobium a free-iloating Hat 
plate, composed of a singl(^ layer (rarely double in the middle) 
of small coenocytes (4, 8, 16, 32, 64 in number) which either 
have plane faces and are closely united or are lobed, so that 
perforations of variable size occur between them; marginal 
coenocytes usually of different shape to the central ones, 
generally with a pair of diverging processes, more rarely with 
a single one. Cliji!^apLjLa..fia^^ 

filling the whoT^j^ith.lrdL.pyrens^ in cells of young coenobia 
theTe^is nnljr^ne nucleus, later several. Reprod. by biciliat e 
zodsp.7 fbrTfi^dby successive nuclear div . followed by p rogressive 
cTeayagF^Of “the protoplasF ahdT suddenly liberS:ed into an 
exteriiaT~^esi clFT hrdii^ ^ slit~tFr~the~wall ; here7 after sirglit 
movement7^iey T^ecome arranged to form a new coenobium 
which acquires mature characteristics before liberation; com- 
plete suppression of cilia and of all movement is also recorded 
as a common phenomenon. Biciliate gametes, smaller than the 
^zoosp., have been observed by x\skenasy and fuse to form a 
smooth spherical zygosp. ; the formation of large zoosp. from the 
latter (cf. Hydrodictyon) has not been seen, but Tetraedr on- 
stages giving rise to Pediastrum-plates are known. Formation 
of one or more hypnospores from the contents of the coenocytes 
has also been recorded^ (fig. 28, E). 

Specific distinction is mainly based on the form of the central and 
marginal coenocytes and on the characters of the membranes; the 
species^ however, exhibit great variability in these respects and different 
authorities are not in agreement as to their limits. The natural 
habitat of sp. of Pedicistrum is in small ponds and ditches amongst 
other water-plants, and they are not uncommon in quiet bog-pools. 

1 Ralfs, 184H, p. 180; Braun, 1855, p. 64; Askenasy, Ber. Deiitsch. Bot. 
Ges. VI, 1888, p. 127; Heering, Mitteil. Altonaer Mus., 1904, p. 12; G, M. 
Smith, Ann. of Bot. xxx, 1916, p. 467; Harper, Mem. New York Bot. Gard. 
VI, 1916, p. 91 ; Harper, Proc. Amer. Phil. Soc. nvii, 1918, p. 375; Harper, 
Mem. Torrey Bot. Club, xvii, 1918, p. 210; Smith, 1920, p. 166; Chodat, 
1922, p. 95. 

^ The coenocytes are often arranged in distinct rings round a central one, 
i.e. coenobium of 8=1+7; coenobium of 16 = 1+5 + 10; coenobium of 
32 = 1 + 5 + 10 + 16; but these arrangements are not always observed (cf. the 
papers of Harper just cited). 

® Chodat and Huber, Bull. Soc. Bot. Suisse, v, 1895* p. 10. 
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They are sometimes abundant in the plankton. The tufts of rigid 
gelatinous bristles observed arising from the apices of the marginal 
processes and less abundantly from the surfaces of the central cells 
in some sp. (P. Boryanum (Turp.) Menegh., P. clathmtum Lemm.) are 
no doubt an additional equipment for this mode of life; in P. clathra- 
tum and P. simplex they have been found to disappear during the 
winter ^ 



Fig. 28. A; Pediastrum integrum Naeg., from Ben Lawers, Perthshire 
( x475). B, P. iricornutum Borge, from Glen Tiimmel, Perthshire ( x475). 
C and D, P. tetras (Ehrenb.) Halfs, from Pilmoor, N. Yorks ( x475). 
E, P. duplex Meyen, from Lough Fea, Londonderry, Ireland; hypnospores 
(/i) ( x475). F-H, P. Boryanum (Turp.) Menegh.; G, showing escape of 
zoospores; H, young coenobium formed by apposition of quiescent 
zoospores; F, from Frizinghall, W. Yorks, x475; G and H, x 220 (after 
Kerner). I, two marginal cells of P. glanduliferum Benn., from Bisley 
Common, Surrey. J-L, P. Boryanum (after Askenasy); .1, zoospores and 
K, gamete ( x500); L, conjugation of gametes to form zygospores (z) 
(gametes x 730, zygospores x220). 

Of the eight Brit, sp., the two most abundant are P. Boryanum 
(Turp.) Menegh. (fig. 28, F-H and J-L) with extremely variable 
marginal processes and frequently granulate membranes, and P. tetras 
(Ehrenb.) Ralfs (P. Ehrenhergii A. Br.) (fig. 28, C and D) with 
coenobia of only four (diam. 10*5-18) or eight (diam. 22-29) cells; 
the plates of the former sometimes reach a diam. of 200 p. Another 

^ Petersen, Bot. Tid.sskr. xxxi, 1912, p. 166; also ibid, xxxvii, 1921, 
p. 199. 
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widely distributed sp. is P. duplex Meyen (P. pertusum Kiit?..) (fig. 28, 
E) which likewise has bilobed marginal cells, but differs in the per- 
forate character of the plate due to the lobed form of the central cells. 
P. simplex Meyen and P. clathrutum Lemm. are rarer sp. with only a 
single process to the marginal cells, the former with compact, the 
latter with perforate plates. In the likewise rare P. iutegnnn Naeg. 
(fig. 28, A) the marginal cells arc entire. P. Boryamirn and P. duplex 
are the most abundant sp. in the plankton. 

Sorastrum Kiit/ing, 184.5^ {Selenosphaerium Cohn, 1879). 
Coenobium globose, commonly of 10-64 (rarely 4 or 8) 
stalked cells, the stalks uniting in the centre to form a small 
facetted mucilage-sphere; cells broadly subhinate, reniform, or 
subtriangular, each outward extremity bearing two spines 



Fig. 29. Sorastrum spinulosuni Xaeg.; A, small coenobium from Pilmoor, 
N. Yorks (x475); B, large coenobium from Clifden, (ialway, Ireland 
(x450). 

(rarely one) of moderate length. Chioropl. parietal, with one 
pyren.; mature cells multinucleate. Reprod. by zoosp., which 
are liberated in a vesicle as in Pediastrum and there become 
grouped about a common centre, with the colourless anterior 
ends directed inwards; by these the stalks are secreted. Sexual 
reprod. unknown. 

Of the two Brit, sp,, that usually met with is S. spinulosuni Naeg. 
(coenob. 31 90 br. ; cells 11-26 1., without spines) (fig. 29); it is a rare 
form found in bog-pools or amongst aquatic Phanerogams in the 
quiet margins of lakes. In small coenobia the stalks of the cells are 
very short and the central sphere not always apparent. S. americanum 
(Bohlin) Schmidle occurs in the plankton of the Outer Hebrides: the 
heart-shaped or pyramidal cells are as long as broad. 

Hydrodictyon Roth, 1800 Coenobium forming a cylindrical 

^ Naegeli, 1849, p. 98; Bohlin, 1897, p. 40; Probst, Ber. Naturf. Ges. 
Baselland, 1916, p. 174; Geitler, Arch. f. Protistenkunde, xlvii, 1924 
p. 440. 

2 Klebs, Flora, lxxiii, 1^ 90, p. 351 ; Klebs, Bot. Zeit. xlix, 1891 , p. 789: 
Timberlake, Bot. Gaz. xxxi, 1901, p. 203; Timberlake, Trans. Wisconsin 
Ac. Sc. XIII, 1902, p. 486 ; Harper, Bull. Univ. Wisconsin, No. 207, 1908, p. 279. 

8-2 
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sac-like network, reaching a length of 8-20 cm. and floating 
freely; meshes of the net of variable size, each bounded by five 
or six coenocytes, the angles being formed by the junction of 
three of the latter. Coenocytes elongate-cylindrical, with a large 
central vacuole and a lining layer of cytoplasm containing many 
nuclei; the nature of the chloropl. in the Brit. sp. is not clear, 
some describing it as reticulate, whilst according to Timberlake 



Fig. 80. Hydrodictyon reticulatum (L.) Lagerh., from the River Lea. 
A, nat. size; B, small portion of a young coepobium ( x 110); C, part of 
a large coehocj^e containing a very young coenobium ( x 110); D, quies- 
cent zoospores ( x480); E, zoospores which are becoming apposed to 
form a new coenobium ( x480), p, pyrenoid; F, slightly older coenocyte 
with four pyrenoids (p), x 480. 


(loc. cit.) chlorophyll is diffusely distributed through the whole 
peripheral region^; pyrens. numerous. Reprod. by the formation 
of large numbers of, biciliate uninucleate zoosp. by progressive 
irregular cleavage of the protoplast of a coenocyte; these, after 
swarming within it, come to rest and arrange themselves to 
form a new net. With reference to the sexual reprod. and the 
TetraSdr on-stages resulting from it, see pp. 101, 112. 


^ cf. also Stnith, 1920, p. 165. 
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H. reticulatum (L.) Lagerh., popularly known as the “water-net,” 
is a rare Brit. Alga (fig. 30), to which the above description especially 
applies; aver, length of adult coenocytes, 4r-5 mm., but they may be 
1 cm. long; length of quiescent zoosp. at the time of their apposition 
13*5-25 fx; swarming zoospores are 10 x 8 /la and the gametes a little 
smaller. A second interesting sp. is //. africanum Yamanouchi^ 
whi6h at present has only been found in South Africa ; here the coeno- 
cytes composing the nets gradually enlarge to form huge spheres, 
1 cm. or more in diam., which separate from one another prior to the 
formation within them of a new coenobium. 

Series II. AUTOSPORINAE 
Family 1 . EREMOSPHAERACEAE 

This family is essentially characterised by its large cells which 
contain numerous peripheral chloroplasts. Only one of the two 
known genera has been found in this country. 

Eremosphaera De Bary, 1858^ (Chlorosphaera Henfrey, 
1859). Cells solitary, large, spherical, with a thin 2-layered 
membrane, aiiuat. Chloropl. numerous, small, parietal, or also 



Fig. 31 . Eremosphaera viridis De Bary, from near 
Clapham, W. Yorks ( x 175). 

in the cytoplasmic strands extending to the centre, of varying 
shape, each furnished with a conical projection directed towards 
the centre of the cell and each with 1-4 pyrens.; nucleus sus- 
pended in centre of cell. Multipl. by div. of the protoplast into 
two or four autospores liberated by the rupture of the parent 
cell-membrane; rejuvenescence of protoplast without div. also 
observed. Resting-spores with a thick wall and red oily contents 
recorded. 

^ Yamanouchi, Bot. Gaz. lv, 1918, p. 74. 

* Moore, Bot. Gaz. xxxii, 1901, p. 809. 
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The polymorphism at one time ascribed by Chodat^ to this 
Alga is discredited by Moore’s investigations, as well as by G. S. 
West (1904, p. 229), who kept specimens under cultivation for 
two years without observing the development of other forms 
than the globular daughter-cells. 

E. viridis De Bary, the only sp., is widely distributed over the Brit. 
Isles, more especially in Sphagnum~bogs ; it is a constant associate of 
certain Desmids. The cells vary from 55-200 /x in breadth (fig. 31). 


Family 2. CHLORELLACEAE 

The members of this family are unicellular or colonial, the 
cells in most cases being globose with a typical “ chlorococcoid ” 
structure (p. 95). The colonies are of a simple type, the individuals 
merely adhering to one another or being held together by an 
envelope of mucilage. Reproduction is effected in the manner 
typical of the Autosporinae. 


Sub-family 1 . Chlorelleae 




Cells not provided with bristles, rarely planktonic. 

Chlorella Beijerinck, 1890^ (inch Palmellococcus Chodat, 1894). 
Cells small, globular, more rarely 
ellipsoid, commonly solitary or 
sometimes aggregated to form a 
thin mucous stratum, habitat very 
varied. Chloropl. single, parietal, 
resembling that of Chlorococcum or 
a curved plate, with or without a 
pyren. ; cell- wall relatively thin. 

Reprod. by successive div. of the 
protoplast to form 2-8 (rarely as 
many as 64) new cells. Akinetes also recorded. 




Fig. 82. Chhrella miniata 
(Kiitz.) WiJle, from near Brad- 
ford, W. Yorks ( X 720). 


The sp. of this genus are found in terrestrial situations, in media 
rich in organic matter (sewage waters, old cultures, etc.), in the sappy 
exudations of trees, and as “green cells” in s 3 mnbiotic relationship 
with Hydra viridis, Paramoecium, Ophrydium, freshwater Sponges, 
etc.* 

Three Brit. sp. are known. C. vulgaris Beij. (cells 5-10 br.) (fig. 23, 
A, B) is widely distributed and often abundant in cultures or in 


^ Chodat, Bot. Zeit. liii, 1895, p. 187. 

• Beijerinck, Bot. Zeit. xlviii, 1890, p. 758 ; Chodat, Bull. Herb. Boissier, 
II, 1894, p. 599; Wille, 1909, p. 56; Chodat, 1918,. p. 84 et seq. 

• With reference to the reputed occurrence of species of Chlorella as 
Lichen-gonidia, see p. 107. 
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stagnant aquaria. 'It appears to grow as readily in the dark as in the 
light and can form chlorophyll in the dark^ C. pyrenoidosa Chick^ 
(cells usually 3-5 br.), with a conspicuous pyren., is found in sewage- 
waters. C. mininta (Kiitz.) Wille (Palmellococcus miniatm (Kiitz.) 
Chod.; Pleurococcus miniatm Naeg.) (fig. 32) is not infrequent on 
walls or plant-pots in greenhouses, forming a moist brownish-green 
scum which often turns to an orange-red colour owing to the presence 
in the cells of a coloured oil obscuring the chloropl. which is devoid of 
a pyren.; cells 2-12-5 br. At times of drought the cells develop into 
orange- or red-coloured akinetes. 

Aerosphaera Gerneck (1907, p. 251) is regarded by West and others 
as a section of Chlorella (West, 1916 o, p. 194: Wille, 1909, p. 56); here 
the chloropl. is reticulate and folded. 

Minute green spherical cells (diam. 2 /x), with the general structure 
of a Chlorella, are occasionally met with in small pieces of water and 
in aquaria as a practically pure growth. Such would appear to belong 
to Nannochloris coccoides Naumann^. 

Radiococcus Schmidle, 1902* {Westella De Wildeman, 1897 
(in part)). Cells grouped in small colonies, generally composed 
of four individuals arranged tetrahedrally and enveloped in a 
wide spherical mass of mucilage occasionally showing a radiate 
structure; cells rounded or angular by mutual pressure, with 
firm walls and “ chloroeoccoid ” structure, Reprod. by formation 
of 4-celled colonies within each cell, whose membrane ruptures 
to set them free, its remnants persisting for some time at the 
periphery of the new colony. 

There are four sp., of which R. nimbatus (De Wild.) Schmidle 
{Pleurococcus nimbatus De Wild.; Tetracoccus nimbatus Schmidle; 
Westella nimbata De Wild.) (fig. 23, J) is known from several parts of 
England, the colonies often occurring attached to the under surfaces 
of Water-Lily leaves; cells 8-15 br. 

Trochiscia Kiitzing, 1845^ {Acanthococcus Lagerheim, 1883; 
Glochiococcus De Toni, 1888). Cells globose, solitary, with a 
variously ornamented somewhat thickened wall, often occurring 
in large aggregates in quiet water or on damp ground ; cell- wall 
either provided with a network of ridges or thickly clothed with 
denticulations or spines. Chloropl. probably single in young 

^ of. Radais, Coniptes Hendus, exxx, 1900, p. 793; Grintzesco, Rev. gen. 
Rot. XV, 1903, p. 74. 

2 Chick, Proc. Roy. Soc. lxxi, 1903, p, 4.58. 

* Arkiv f. Bot. xvi, 1919, No. 2, p. 18. 

* Schmidle, Allgem. Bot. Zeitsehr. viii, 1902, p. 41 and Hedwigia, xu, 
1902, p. 159; cf. also De Wildeman, Bull. Herb. Boissier, v, 1897, p. 532. 

* Reinsch, Ber. Deutsch. Bot. Ges. iv, 1886, p. 237; Hansgirg, Hedwigia, 
XXVII, 1888, p. 126; Wille, Videnskab. Selskab. Skrifter, Christiania, Mat.- 
nat. Kl., 1900, No. 6, p. 7. 
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cells and chlorococcoid, later (as a preparation for div.?) several, 
parietal, each with a single pyren. Reprod. probably solely 
by successive div. of the protoplast, the daughter-individuals 
acquiring their distinctive markings before or after liberation 
from the parent-cell ; a Palmella-\\ko state has been recorded in 
one sp. 

A large number of the described “species” of Trochiscia are 
almost doubtless zygospores, etc. of various other Algae; a 
number are likely to be pollen grains or spores of higher plants. 
There are, however, a number of good species in which formation 
of new individuals resembling the parent has been observed. 
Wille^ refuses to recognise the genus and legards most of the 



Fig. 33. A-F, 7'rochiscia aspera (Reinsch) Hansg., from Tremethick, 
Cornwall ; A and B, vegetative cells ; C and D, formation of new individuals ; 
E, empty cell from which the latter have escaped (the zoospores zg in all 
probability do not belong here); F, palmelloid state. G and H, T, hirta 
(Reinsch) Hansg., from Cambridge. I and J, T. paucispinosa West, from 
Ben Lawers, Perthshire. K, T. reticularis (Reinsch) Hansg., from Keston 
Common, Kent. (All x 520.) 

forms as zygospores of Chlamydomonadaceae, but this appears 
in no way justified, the more so as development of zoospores is 
highly doubtful. The swarmers shown in fig, 33 and referred to 
in the first edition of this work (West, 1904, p. 204) were practi- 
cally disclaimed by its author at a later date (West, 1916 a, p. 193), 
and Wille’s data do not appear in any way conclusive. Nor is 
there any confirmatory evidence as to the reputed occasional 
occurrence of vegetative division. 

Some eight or nine Brit, sp., distinguished by their external 
ornamentation, have been recorded, but all of these are not likely to 
be independent forms. The most frequent sp. encountered in quiet 
waters are; T. aspera (Reinsch) Hansg. (18*5-29 br.) (fig. 83, A-F), 
T. aciculifera (Lagerh.) Hansg. (up to 30 br.) with cells covered with 

1 Wille, loc. cit. p. 12. 
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numerous fine spines (up to 5 fj, long), and T. reticularis (Reinsch) 
Hansg. (24-32 br.) (fig. 38, K). T. aspera is commonly found in and 
on soil, also but more rarely T, hirta (Reinsch) Hansg. (17-27 br.) 
(fig. 33, G and H), the latter especially near the base of tree-trunks. 

v^^^ub-family 2. Golenkinieae 

Cells provided with bristles, planktonic. 

Micractinium Fresenius, 1856^ (incl. Phytelios Frenzel, 1891 ; 
Golenkinia Chodat, 1894; Richteriella Lemmermann, 1896). 
Cells spherical, solitary or in groups, with firm walls bearing a 
number of variously disposed solid or hollow bristles; cell- 
structure chlorococcoid. Reprod. by autospore-development; 
resting-spores with a thick membrane also known. 



Fig. 34. A, Micractinium pusillum Fresen., after Lemmermann ( x 520). 
B and C, M. pusillum forma quadriseta (Lemm.); B, from the plankton 
of Lough Beg, Ireland ( x 450); C, after Lemmermann ( x 520). D and E, 
M, radiatum (Chod.) Wille, after Chodat ( x about 800). F, M. pauci- 
spinosum (W. & G. S. West), from the plankton of Lough Neagh, Ireland 
( X 450). 

Three Brit. sp. are known, but none of them are common; they are 
found in the plankton of large lakes, but more commonly in ponds 
and canals. In M, radiatum (Chod.) Wille (Golenkinia radiata Chod.; 
cells 10-15 br., bristles 25-45 1.) (fig. 34, D and E) and M. pauci- 
spinosum (W. & G. S. West) (G, paucispinosa W. & G. S. West; cells 
15-16 br., bristles 16 1.) (fig. 34, F) the cells are usually solitary, are 

' Chodat, Journ. de Bot. viii, 1894, p. 305; Lemmermann, Hedwigia, 
xxxvn, 1898, p. 804; Wille, 1909, p. 57. 
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(‘iivcloped by a thin layer of mucilage, and the evenly disposed 
bristles are solid. In M. pusillum Fresen. {Richteriella botryoides 
(Schmidle) Lcmm.: cells 3 -O G br. ; bristles 28-60 1.) (fig. 34, A~C) 
the cells generally cohere to form loose colonies of 8, 16, 32, or 64 
cells which bear hollow Ijristlcs attached only to those surfaces which 
face outwards. 

(’hodat has recorded ((uadriciliatc zoo^sp. in M. radiatum, but this 
las nc\ cr been confirme^l^ 

Family 3. 00( YSTACEAE 

The cells arc usually oblong or ellipsoid (irregular in TetraHron\ 
^Irer-stTHtary oi* IV > rm i ug sniJill enclosed in a disti nct 

nHciiage-(‘n\'clo]:)c lorined front the meiffifanedTTK'e^^^ 
ftiT' inirnhcr and form of the chloroplasts are very variable. Re- 
)r<Kluctioii taTces place by typical antospore development. 

Sul)-f[imily 1. Oocvstkak 

(.’(dls oblong or e llipsoid, witliout bristles. 

f >n c 1815“ (incl. OiH'ifstella Lemmcrmann, 1903). 
I’cTlsellipsoid, subeylindrieal, or j)anduriform, with a firm wall, 



Fig. 35. A and B, Oocystis solitaria Wittr., from Ben Lawers, Perthshire. 
C and 1), O. crassn Wittr.; C, from Lanlivery Moor, Cornwall; D, plankton 
form from Lough Beg, Ireland. E and F, O. panduriformis W. & G. S. 
West; E, from Pilmoor, N. Yorks; F, from near Clifden, Ireland. G, 
0, elUptica West, from Derryclare Lough, Galway, Ireland. (All x485.) 

1 cf. also Chodat, 1<)()2, p. 184-. 

~ Chodat, 1897, p. 295; Wide, Ber. Deiitsch. Bot. Ges. xxvi «, 1908, 
|). 812; Print/., Nvt Mag. I'. Nalurvidensk. Li, 1913, p. 165: Smith, 1920, 

l>. 110. 



GROUP 2. CHLOROCOCCALES 


123 


commonly provided with a nodular thickening at each pole, 
ejt her solitary or in small grdlips within the gelatinised membrane 
of tKeT parent- cHlrTso enclosing several successive 

geheralions). Chloropl. parietal, one or more, usually several, 
discoid or stellate or reticulate, ^'gehefally without pyrehs. 
Reprod. by the development of 2-8 autospores per cell; resting- 
stages resembling a Tdraedron are known in one sp. (cf. p. 101). 

The sp. are distinguished by the form of the cell, the solitary or 
colonial habit, and the characters of the chloropl. There are about 
12 Brit, sp., some of which are widely distributed in the quiet waters 
of ponds and lakes. Q. sqlitaria Wittr, (cells 15-48 1.; 9*5-25 hr.) 
(fig. 35, A with usually solitary cells, is undoubtedly the 

commonest sp., although O. elliptica West (cells 24-25 1.; 11-11*5 br.) 
(fig. 35, G), which is usHally cdibmal, is abundant. O. parva West, 
with cells having only 2 3 chloropl. and slightly pointed poles, is the 
smallest sp. (6-12 1.; 4-7 br.), and O. ^igas Arch., with broadly 
elliptical cells having rounded ends, is the largest (41-50*5 1.; 32*5-40 
br.). O. crassa Wittr. (14-26 1.; 10-20 br.) (fig. 35, C and D), whose 
chloropl. have pyrens., is only common in the plankton. O. asym- 
metrica W. & G. S. West is characterised by its asymmetrical and 
always solitary cells. In all of these sp., so far as they are known, the 
chloropl. are discoid, several per cell, and mostly without pyrens.; 
they belong to the section Eu-Oocystis, On the other hand, in O. natans 
(Lemm.) Wille (Oocystella natans Lemm.), which Bachmann (1907, 
p. 20) records from the plankton of Loch Leven, the chloropl. are 
stellately lobed and provided with pyrens.; this sp. belongs to the 
section Oocystella, 

N ephrocytium Naegeli, 1849^. Cells oblong, ellipsoid, or sub- 
cylindrical, mostly slightly curved or sublunate, sometimes 
almost reniform, without any trace of polar thickenings, forming 
colonies of 2-16 cells placed peripherally within a usually well- 
defined mucilage-envelope. Chloropl. a large curved parietal 
plate with a pyren. Reprod. as in Oocystis, the daughter-cells 
remaining within the mucilage-envelope formed from the 
parent-membrane. The genus is not far removed from Oocystis, 
from which it is distinguished by the usually curved cells and the 
single chloropl. 

There are four Brit, sp., of which iV. Agardhianum Naeg. (inch 
N. Naegelii Grun.), with kidney-shaped cells (12-22 1.; 7-12 br.), 
is widely distributed in the stagnant waters of small pools and lakes. 
N, ohesum West is characterised by the short stout cells (34-42 1.; 
24-28 br.) and the great thickness of the mature cell- wall (fig. 36, A). 
N. lunatum West (fig. 86, C-F), supposed by Chodat to be a stage of 
N, Agardhianum, is' very local, but sometimes abundant among 


» Naegeli, 1849, p. 79; Chodat, 1897, p. 298. 
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submerged Sphagnum \ cells 14-18 1.; 4-6*5 br. N. ecdysiscepanum 
W. & G. S. West (fig. 36, B) is peculiar in that the walls of the parent- 
cells gradually throw off their outer layers, several generations being 
disposed in a fan-shaped manner and held in position by the partly 
exuviated strata; cells 24-26*5 1.; 13-17 br. 



Fig. 36. A, Nephrocytium obesum West, from Angle Tarn, Cumberland. 
B, N. ecdysiscepanum W. & G. S. West, from near Goring, Oxfordshire. 
C-F, N, lunatum West; C-E, from near Bowness, Westmorland; F, from 
near Roundstone, Galway, Ireland. (All x367.) 

Scotiella Fritsch. 1911^ Cells solitary, ellipsoidal, with 
rounded or somewhat pointed poles, circular or dliptical in 
cross section, with a number of regularly disposed longitudinal 
ridges or wings which may be somewhat sinuous. Chloropl. 
probably single. Math a pyren. ; fat often present. Reprod. un- 
certain, probably by formation of autospores, as in other 
Oocystaceae. Resting-cells also recorded. 

This genus was first recorded as a member of the Yellow Snow flora 
from the Antarctic ; other species have since been described by Chodat 
from Red Snow in the region of the St Bernard. The only Brit, record 
is a new sp., S, Fritschii B. M. Griff., found by Dr Griffiths in a pool 
occupying a rocky depression in Fallowfield Fell, near Hexham, 
Northumberland (cells 34-37 1.) (fig. 41, E~F). 

^ Fritsch, Journ. Linn. Soc., Bot; xl, 1911-12, p. 304; Chodat, 1922, p. 76. 



GROUP 2. CHLOROCOCCALES 


125 


Sub-family 2. Laoerheimieae 



Cells more or less ellipsoid, provided with bristles. 

Lagerheimia Chodat, 1895h Cells usually solitary, ellipsoid or 
subcylindrical, with rounded ends 
and a firm wall bearing four sym- 
metrically disposed bristles, with 
a wart-like thickening at the base 
of each. Chloropl. a parietal plate, 
generally with a small pyren. 

Reprod. by formation of 2-8 
autospores which usually become 
free at maturity. Biciliate zoosp. 
recorded, but very doubtful. 

Two sp. have so far been found in 
the Brit. Isles, both of them rare. In 
L. genevensis Chod. (cells 3-4-5 br. ; 

9-10 L; bristles up to 16 1.) (fig. 87, 

A-C) and its var.5t^g/o6osa(Lemm.) 

Chod. (L. subglobosa Lemm.; cells 
5-5-9-4 br.; bristles 10-5-13 1.) (fig. 

87, D and E) the bristles are placed 
in pairs at the two extremities of 
the cells. In L, Wratislaviensis 
Schrod. (cells 8-9 hr.; 11-12 L; 
bristles 24-31 1.), however, there is 
one bristle at each end and one in the 
middle of each side. The sp. appear 
to favour a planktonic existence in 
pools and ponds. 

Chodatella hemmermann, 1898 2 . 

Cells solitary, ellipsoid, bearing 
four or many elongate bristles 
which are straight or curved and 
devoid of any thickening at the 
base. Chloropl. one or several, 
parietal, with or without pyrens. 

Reprod. as in Lagerheimia, It is 
doubtful whether this genus should be maintained, as the 
differences from Lagerheimia are very slight (cf. \Vilk> 1909, 
p. 58; West, 1916 a, p. 199). 



Fig. 37. A~C, Lagerheimia gene- 
vensis Chod., after Chodat ( x 
about 850). D and E, L. gene- 
vensis var. subglobosa (Lemm.) 
Chod.; D, after Lemmermann 
( X 520); E, from Lough Gartan, 
Donegal, Ireland ( x450). F and 
G, Chodatella breviseta W. & 
G. S. West, from Lough Gartan, 
Ireland ( x450). H and I, C, 
ciliata (Lagerh.) Lemm. var. 
amphitricha (Lagerh.) Chod. ( x 
450); H, from Skipwith Com- 
mon,. E. Yorks; I, from near 
Bowness, Westmorland. atitSy 
autospores. 


1 Chodat, Nuova Notarisia, vi, 1895, p. 86; Lemmermann, Hedwigia, 
xxxvn, 1898, p. 808; West, 1911, p. 85. 

® Lemmermann, loc. cit. p. 309; West, 1908, p. 287. 
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Three sp. are recorded for this country, but they are all rare; they 
occur most frequently in the plankton of small pools, although also 
found in larger pieces of water. C, ciliata (Lagerh.) Lemm. (Oocystis 
ciliata Lagerh.; cells 12-21 1.; 9-18 br.) and its var. amphitricha 
(Lagerh.) Chod. (C. radians (West) Lemm.; cells 8-18 1.; 4-13-5 br.) 
(fig. 37, H and I) have cells bearing 12-18 bristles (12-20 p long). In 
C. brevisein W. & G. S. West (cells 12-12*5 1.; 8-9-5 br. ; bristles 
11-5-17-5 1.) (fig. 37, F and G) there are six curved bristles. C. 
quadriseta Lemm. has only four bristles and approaches very close to 
a Lagerheimia , 

Sub-family 3. Tetraedreae 

Cells of varied shape, commonly polyhedral, often bearing 
short spines. 

Tetrqedron Kiitzing, 1845^ {Polyedrium Naegeli, 1849; 
Cerasterias Reinsch, 1867). Cells solitary or rarely collected into 
temporary aggregates, flattened and angular (triangular, 
quadrangular, or polygonal) or polyhedral with obtuse or 



Fig. 38. A, Tetraedron minimum (A. Br.) Hansg., from Keston Common, 
Kent. B, T. caudaium (Corda) Hansg., from Pilmoor, N. Yorks. C, T. regu- 
late Kvitz., from near Bowness, Westmorland. D, T. enorme (Ralfs) 
Hansg., from Mickle Fell, N. Yorks. E-G, T, horridum W. & G. S. West, 
from Putney Heath, Surrey. (All x450.) aufs,. autospores. 

acuminate angles, which may bear one or more simple or furcate 
spines; cell- wall smooth or granulate. Chloropl. one to many, 
parietal, with or without pyrens. Reprod. by the formation of 
4-82 autospores, set free by the rupture of the wall of the parent, 
often into a delicate vesicle which soon disappears. 

There are innumerable “species” of the genus, but only those 
can be regarded as certainly established in which reproduction 
by autospores is known to take place. Tetraedron-like stages 
occur in the life-cycles of Pediastrurriy Hydrodictyon, and Oocystis, 

^ Naegeli, 1849, p. 88; Reinsch, Notarisia, 1888, p. 493; West, 1908, 
p. 286; Smith, Ann. of Bot. xxxii, 1918, p. 459; Smith, 1920, p. 115. 
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Others of the described forms may be resting-stages of other 
Algae. The recording of such forms, even as new species of 
TetraHron, however, admits of their temporary classification 
until they can be assigned elsewhere. 

There are about 16 sp. known to occur in the Brit. Isles, most of 
which favour small pieces of water; they rarely occur in considerable 
numbers. T. minimum (A. Br.) Hansg. is the most abundant of the 
flattened sp. (fig. 38, A) ; cells 6-5-16 br. ; 5-7 thick. T. regulare Kiitz. 
(Polyedrium tetraidricum Naeg.) (fig. 38, C) is the commonest of the 
polyhedric sp.; cells 13-5-40 br. Other good sp. are: T. caudatum 
(Corda) Hansg. (fig. 38, B) and T. muticum (A. Br.) Hansg., the 
latter with triangular cells (12-30 br.). T. enorme (Ralfs) Hansg. 
(Staurastrum enorme Ralfs) (fig. 38, D) and T. platyisthmum (Arch.) 
G. S. West (Cosmarium platyisthmum Arch.) were originally described 
as Desmids. 

According to Chodat^ T. enorme should be transferred to the 
Heterokontae, since it lacks pyrens. and starch, has green or yellowish- 
green chloropL, and harbours fat. He establishes for it the genus 
Pseudostaurastrum, a name which can hardly be retained, since it has 
been used for a section of the genus Tetraidron^ to which other sp., 
as well as T. enorme, are referred (e.g. T. horridum W. & G. S. West 
(fig. 38, E-G)). The matter requires further investigation. 

Reinsch’s Cerasterias is distinguished from Tetraidron proper by 
the depth of the lobing, the cells possessing 3-8 long arms with 
practically no central body. It is regarded as a section of Tetraidron 
by Brunnthaler (1915, p. 158). Two sp., T. rhapidioides (Reinsch) 
Hansg. and the less robust T. longispinum (Perty) Hansg., are of rare 
occurrence in this country. 

Brunnthaler (1915, p. 154) also includes Reinschiella De Toni, 
1889 {Closteridium Reinsch, 1888) in the genus Tetraedron, for 
which there is less warrant, since the cell-form is more like that 
of Selenastraceae. The cells are more or less curved (semilunar 
or semicircular), with simple spines at the apices, and closely 
resemble the cysts of certain freshwater Peridinieae (cf. p. 896); 
no doubt some of the species at least belong to that group. The 
only record for the Brit. Isles is R, cw'vata W. West (fig. 41, C) 
from Clare Island. 

Family 4. SELENASTRACEAE 

The cells vary in form, but are commonly needle-shaped or 
lunate, not globose. They are usually in loose colonies, the 
individuals of which are held together either by a mucilage- 
investment or by mere adhesion at certain points of their 
surface. Reproduction by autospore-formation. 

^ Bull, Soc. Bot. Geneve, 2 s^r. xii, 1920, p. 304. 

* Brunnthaler, 1915, p. 154. 
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Dactylococctis Naegeli, 1849^ {Ourococcus Grobety, 1909; 
Keratococcus Pascher, 1915). Cells ellipsoidal, fusiform, pyri- 
form, or sublunate, often asymmetrical and generally with acute 
apices, sometimes prolonged into spine-like processes, either 
solitary or loosely connected by their extremities to form fragile 
few-celled colonies; cell- wall thin, mucilaginous. Chloropl. 
single, parietal, with an often indistinct pyren., occasionally 
fragmenting into 2-4 pieces. Reprod. by oblique longit. div. of 
the protoplast with autospore-development. 

Some sp. are truly aquatic, but most of them occur on wet rocks 
and moist surfaces, forming a dark green mucous stratum. D, hi- 
caudatm A, Br. (D. caudatus Hansg.; cells 13-19 1.; 2'5-5*8 br.) (fig. 
89, A) is a lunate sp., with apices greatly prolonged, inhabiting damp 
situations. The var. stdyramosus W. & G. S. West (fig. 30, B, C) forms 



Fig. 39. A, Dactylococcus bicaudatus A. Br., from near Bradford, W. Yorks. 
B and C, D. bicaudaius var, subramosus W. & G. S. West, from Widdale Fell, 
N. Yorks. D, D. dispar W. & G. S. West, from Dorking, Surrey. (All 
X 520.) 


characteristic colonies. X>. dispar W. & G. S. West has unequally 
developed extremities and the cells are often of irregular shape (fig. 
39, D). Both sp. have been encountered, though rarely, in cultivated 
soils. 

D. infusionum Naeg. (fig. 48, B) is merely a stage in the life-history 
of Scenedesmm obliquus (Turp.) Kutz. It is usually aquatic and often 
occurs in immense quantity in the water in flower-pots and in aquaria. 
It exhibits. great variability of form; cells 7*5-19 L; 2*8-5*8 br. The 
genus Dactylococcus was originally founded by Naegeli for this form, 
but since its characteristics are shared by the other (probably in- 
dependent) sp., there appear to be no grounds for the new name 
Keraiococcus proposed by Pascher (1915, p. 216). 

Ankistrodesmus Corda, 1888; emend. Ralfs, 1848^ (Rhapki- 
dium Kiitzing, 1845; Schroderia Lemmermann, 1898). Cells 

^ Naegeli, 1849, p. 85; Artari, 1892, p. 82; Grobety, Bull. Soc. Bot. 
Geneve, 2 s^r. i, 1909, p. 857; Chodat, 1918, p. 186. 

> Corda, Almanach de Carlsbad, Prague, 1888, p. 196; Ralfs, 1848, p. 180. 
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fusiform with acute apices (sometimes greatly produced and 
almost bristle-like), straight, curved, or sigmoid, generally many 
times longer than their diam., frequently solitary but more often 
variously grouped in loose aggregates ; cell- wall very thin. 
Chloropl. single, parietal, occupying the greater part of the 
length of the cell, often without a pyren., but sometimes with 
one or two. Reprod. by autospores formed by oblique transv. 
and longit. div. of the protoplast into four, the products growing 
past one another till they assume a parallel arrangement and 



Fig. 40; AV Ankistrodesmus falccUus (Corda) Ralfs, from Bowness, West- 
morland. B and C, A. falcaius var. acicularis (A. Br.); B, from Pilmoor, 
N. Yorks; C, from the plankton of Loch Mor Bharabhais, Lewis, Outer 
Hebrides. D, A. falcatus var. tumidus G. S. West, from Puttenham 
Common, Surrey. E, A. falcatus var. mirabilis G. S. West, from 
Wimbledon Common, Surrey. F, A. setigerus (Schrbd.) G. S. West, from 
near Rievaulx Abbey, N. Yorks. G and H, Quadrigula Pfitzeri (Schrdd.) 
G. M. Smith, from the plankton of Loch Mor Bharabhais, Lewis. (All 
X 520.) auts, autospores; p, pyrenoid. 

usually attaining their full size before they are set free by gela- 
tinisation or rupture of the membrane of the parent-cell. 

Vischer^ has studied A, Braunii (Naeg.) Collins in pure 
culture in diverse nutritive solutions and obtained a great range 
of forms, in part recalling other species and including Chlorella- 
and Docft//ococct^-like stages ; the normal cell is fusiform, about 
4-7 times as long as broad, with pointed ends. Such experi- 
mental results, while of considerable interest as showing the 
plasticity of cell-form in the simple Algae, do not affect the 
specific limits until such stages have been shown actually to 
occur in a state of nature, 

^ Rev. Hydrol. i, 1920, p. 5. 
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Sp. of Ankistrodesmus are widely distributed in all kinds of aquat. 
habitats, although most abundant in small ponds; a form of A. 
fnlcatus has been found as a rare constituent of the terrestrial algal 
flora (Bristol, 1020, p. 49). There are five Brit, sp., of which A. fal- 
catus is very common; it possesses numerous varieties and the 
following synopsis will be found useful: 

A.falcatus (Corda) Ralfs (Rhaphiditim fasciculatum Kiitz.; R. poly- 
inorphum Fresen. var. ffdcatum Rabenh.). Cells curved, 16-24 times 
as long as broad (1-5 3) with acute apices, in loose aggregates or close 
bundles, rarely solitary. Chloropl. usually without a pyren. (fig. 40, A). 

Var. (tciciilaris (A. Br.) G. S. West (R. aciculare A. Br. ; A. acutissi- 
mus Arch.; R. polyrtiorphtim var. aciculare Rabenh.; Closterium 
subtile Breb.). Cells usually solitary, straight or slightly curved, 
acutely attenuated, 86 6.5 (sometimes up to 165) 1.; 2-5-3-5 br. 
Chloropl. sometimes with one or more pyrens. (fig. 40, B and C). 
G. S. West (1904, p. 228) was of the opinion that R. pyrenogerum 
Chod. belonged here, but it is now usually referred to Closteriopsis 
longissima Lemm. 

Var. duplex (Kiitz.) G. S. West (R. duplex Kiitz.). Cells elongate, 
sigmoid, associated end to end in pairs. 

Var. tumidus W. & G. S. West (R. polymorphuni var. tumidum 
W. & G. S. West). Cells solitary or in small aggregates, curved and 
inflated in the middle, apices very acute, 61-78 1. ; 4*5-6-5 br. Chloropl. 
with 1-2 pyrens. or none (fig. 40, D). 

Var. mirabilis W. & G. S. West (R. polymorphum var. mirabile 
W. & G. S. West). Cells solitary, longer than in the type, variously 
curved, often sigmoid, apices very acute, up to 117 1.; 2-3-5 br. 
Chloropl. completely interrupted in middle of cell and often frag- 
mented; vacuoles in protoplast often containing a single moving 
corpuscle (fig. 40, E). 

Var. spiralis (Turn.) G. S. West (R. spirale Turn. ; R. fasciculatum 
var. spirale Chod.). Cells in bundles of four or eight, twisted round 
each other in the central region of the cells, but free at their extremi- 
ties, 32-45 1. Regarded as an independent sp. by Brunnthaler (1915, 
p. 190). 

Var. spirillijormis G. S. West (R. polymorphum var. spirale W. & 
G. S. West). Cells always solitary, spirally twisted, making 1-li 
turns, apices very acute, 20-30 1.; often in prodigious quantity in 
stagnant water. 

Other Brit. sp. are: A, convolutus Corda (R. convolutum Rabenh.) 
with short solitary cells, lunate or arcuate, only 3-6 times longer than 
broad (3-6) and with very acute apices; A. setigerus (Schrod.) G. S. 
West {Reinschiella^ setigera Schrod.; Schrdderia setigera Lemm.^; 
R. setigerum W. & G. S. West) with fusiform cells (5*7-6-5 br. ; 
75-88 1.) whose apices are attenuated into fine hair-like prolongations, 
chloropl. with one pyren. (fig. 40, F); and A. Spirotaenia G. S. West 
(1911, p. 86) distinguished by its very narrow cells, drawn out at the 
^ cf. Lemmermann, Hedwigia, xxxvii, 1898, p. 811. 
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apices into spine-like processes of great length (cells 171-185 1.: 
2-2-1 br.), and by the spirally arranged chloropl. 

Quadrigula Printz, 1915i. Cells cylindrical or fusiform, 
straight or slightly curved, with more or less acute apices, 8-10 



Fig. 41. A, Closteriopsis longissima Lemm. (after West). B, Actinastrum 
Ilantzschii Lagerh. (after G. M. Smith, x875). C, Reinschiella curvata 
W. West (after West, x 185), from Clare Island. D, Dictyocystis Uitchcockii 
(Wolle) Lagerh. (after Wolle, x450). E-F, Scotiella Fritschii Grifliths 
(after drawings made by Miss Slee), from neat Hexham, Northumberland 
( X 1000); E, oblique lateral view; F, end view. 

times as long as broad, generally in parallel groups of 2-8 within 
a hyaline mucilage-envelope. Chloropl. single, parietal, with or 
without pyrens. Reprod. usually by two simultaneous longit. 
divs. of the protoplast, with the formation of two or four (or eight) 
^ Printz, Videnskab. Selskab. Skrift., 1915, No. 2, p. 4^. 
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autospores which remain lying parallel to one another within 
an envelope of secreted mucilage, the latter sometimes containing 
several generations. 

This genus differs from Anhistrodesmus in the mode of div. of the 
protoplast and the consequent grouping of the new individuals. 
Printz (loc. cit. p. 50) suggests a reference to Oocystaceae which is 
perhaps justified. There is only one Brit, sp., Q. Pfitzeri (Schrod.) 
G. M. Smith {Ankistrodesmus Pfitzeri Schrod.) (fig. 40, G and H), 
which is not uncommon in the Scottish plankton; cells 38-49 1.; 
7-8 hr. Printz includes in this sp. Nephrocytium closterioides Bohlin 
(1897, p. 18). 

Closteriopsis Lemmermann, 1898^. Differs from Ankistrodes- 
mtcs^ only in the great length of the cells and the 12 or more 
pyrens. in an axile series within the chloropl.; the ends of the 
cells are much attenuated into bristle-like points. 

C. longissima Lemm., the only sp., is known from the plankton of 
Ireland and the Orkneys; cells up to 570 1.; 3-8-fi hr. (fig. 41, A). In 
v/a*. tropicum W. & G. S. West, recorded from the Shetlands, the ends 
are not setiform. 

Actinastrum Lagerheim, 1882®. Cells ovoid, oblong, or club- 
shaped, 3-6 times as long as broad, generally cohering by their 
apices to form small radiating free-floating colonies. Chloropl. 
parietal, with a pyren. Repr^, by longit. or crosswise div, of 
the protoplast, usually into eight; the 
products, set free by rupture of the 
v/all, diverge outwards but cohere by 
means of mucilage at their proximal 
ends ; by repeated div. in the daughter- 
cells colonies of some size are some- 
times formed. 

The only Brit. sp. is A, Hantzschii 
Lagerh., which is very rare and mostly 
planktonic; cells 10-24 1.; 3-6 br. (fig. 

41, B). 

Selen aHrym Reinsch, 1867^. Cells 
arcuate or lunate, attenuated to fine 
points and arranged with the convex 
surfaces apposed to forfn 4- or 8-celled 
colonies without a mucilage-envelope ; 
cell-wall thin and firm. Chloropl, 

1 Lemmermann, Forschungsber. Biol. Stat. PlCn, vii, 1899, p. 124; 
West and West, 1906, p. 106. 

* To which it is referred by Wille( 1909, p. 68) and Brunnthaler( 1015, p.lOl) . 

» Lagerheim, Ofvers. K. Sv. Vet.-Akad. FOrhandl., 1882, No. 2, p. 70. 

^ Rciasch, Algenfl. d. mittl. Theil. v. Franken, 1867, p. 64; Viret, Bull. 
Herb. Boissier, v, 1905, p. 706; Smith, 1920, p. 182. 





gracile Reinsch; A-C, from 
near Settle, W. Yorks; D, 
from Puttenham Common, 
Surrey. E-G, S, WesHi F. E. 
Fritsch, from Bowness, West- 
morland. (All x520.) 
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parietal, without a pyren. Reprod. by autospores formed by 
transv. div. of the protoplast. 

The three Brit. sp. are very uncommon, usually occurring amongst 
other water-plants at the margins of ponds and lakes. They are: 
S, gracile Reinsch (cells 19-28 1. ; 4-5 hr.) (fig. 42, A-D), 5. Bibraianum 
Reinsch with more robust cells (16-23 1.; 5-8 br.), and S, WesHi 
F. E. Fritsch (S. acuminatum G. S. West non Lagerheim^) (fig. 42, 
E-G). 

Kirchneriella Schmidle, 1893^ (inch Selenoderma Bohlin, 1897). 
Chiefly differs from Selenastrum in the loosely aggregated 



Fig. 43. Kirchneriella obesa (West) Schmidle. A, B, D, and E, from Bow- 
ness, Westmorland; C, from the plankton of Loch Mor Bharabhais, Lewis, 
Outer Hebrides ( x485), 

colonies composed of irregularly disposed cells, usually within a 
wide mucilage-envelope (reaching 500 /x in diam.). Cells arcuate 
or crescent-shaped, attenuated or subcylindrical, often bent 
until the apices almost meet; cell-wall very thin, Chloropl. 
parietal, on the convex wall of the cell, with or without a pyren. 
Reprod. by successive transv. or crosswise div. of the protoplast 
into four, the autospores remaining enclosed within the membrane 
of the parent or more usually being set free by its rupture. 

Of the three Brit, sp., K. obesa (West) Schmidle (fig. 43; greatest 
diam. of cells 6-16 ; br. of cells 2-9-5 ; apices 1*5-4 apart) and K. lunaris 

^ cf. West, Journ. of Bot., 1912, p. 88. S. acuminatum Lagerh. is a species 
of Scenedesmus; see Fritsch, 1918, p. 507. 

* Schmidle, Ber. naturf. Ges. Freiburg i. Br. vii, 1893, p. 82; Chodat, Bull. 
Herb. Boissier, iii, 1895, p. 808; West, 1908, p. 284; Smith, 1920, p. 140. 
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(Kirchn.) Moeb., with semilunar or sickle-shaped cells with pointed 
ends, are abundant in the plankton of the larger lakes, though 
occurring only sparingly in smaller pieces of water. In K. svbsolitaria 
G. S. West there is no mucilage-envelope, the daughter-cells remaining 
enclosed in the membrane of the parent-cell for some little time before 
liberation. 


Family 5. DICTYOSPHAERIACEAE 

The members of this family are distinguished by the fact that 
the 4 cells, usually resulting from 
the division of a parent-cell, re- 
main adhering to the tips of the 4 
(often thread-like) lobes into which 
the membrane splits. Since this 
occurs in several successive genera- 
tions, more or less compact 

colonies composed of 4-celled '^tmophaerium pul- 

, . *1 • chellum Wood. A, from the 

coenobia result; mucilage is some- plankton of Loch Shin, Suther- 
times also secreted forming a land; B, from Cam Fell, W. 
usually inconspicuous envelope ^ 

around the whole colony. The component cells are spherical, 
oblong, or curved, and each has a single chloroplast. Multiplica- 
tion takes place by dissociation of the colonies. 

Dictyosphaerium Naegeli, 1849^. Cells globose, ovoid, or 
subreniform, with a firm wall, connected by forked threads 
(remnants of mother-cell membranes) to form roughly spherical 
or ellipsoid colonies, although large ones often become very 
irregular; entire colony enveloped in mucus, the cells being 
situated somewhat far apart towards its periphery. Chloropl. 
chlorococcoid. Enlargement of colony as described above; 
multipl. by dissociation. The bicili^te zoosp. reported by Zopf 
and Massee require confirmation (cf. p. 100). 

Three Brit. sp. are known, of which Z). Ehrenbergianum Naeg.® is 
widely distributed, often occurring in quantity in the surface waters 
of ponds and in the plankton of lakes ; its ovoid or ellipsoid cells are 
6-10 1. and 4-7 br. D. piUchellum Wood (fig. 44) with spherical cells 
and D. reniforme Bulnh. with kidney-shaped cells are more rarely 
foimd. 

1 Naegeli, 1849, p. 72; Zopf, Beitr. z. Physiol, u. Morphol. nied. Organis- 
men, Heft 3, 1893, p. 15; Franck, Osterr. Bot. Zeitschr. xliii, 1893, p. 251 ; 
Borzi, Ber. Deutsch. Bot. Ges. xii, 1894, p. 248. 

* The figure of this species given by Brunnthaler (1915, p. 184) is not 
typical and is more like D, ptUchellum, 




GROUP 2. CHLOROCOCCALES 


las 

Dictyocystis Lagerheim, 1890^. Chiefly distinguished from 
Dictyosphaerium by the presence of an axile stellate chloropl. 
with a pyren. and by the arrangement of the oblong or ellipsoid 
cells in radiating series which frequently branch. The mode of 
development of the colony and the exact nature of the delicate 
threads which hold the cells in place require investigation. 



Fig. 45. Westella botryoides De 
Wildem., from Bowness, Westmor- 
land. A and B, x 450; C and D, two 
“tetrads,” x715. 


Fig. 46. Dimorphococcus lunatus 
A. Br.; A, from the plankton of 
Loch Mor Bharabhais, Lewis, 
Outer Hebrides; B, from Bow- 
ness, Westmorland ( x 520). 



D, Hitchcockii (Wolle) Lagerh. {Dictyosphaerium Hitchcockii Wolle) 
(fig. 41, D), the only sp., is a rare Brit. Alga occurring in the bogs of 
N. Ireland and N. W. Scotland and also in the Scottish plankton; 
cells 9-11 br. (the American specimens are larger). 

W estellaUe 1897 (in part)^ {Tetracocciis W. West, 

1892)^. Cells small, globose or subglobose, sometimes a little 
angular, closely arranged in groups of four in one plane, the 
groups being connected by the delicate thread-like remnants of 

^ Lagerheim, Nuova Notarisia, i, 1890, p. 226. West (1916 a, p. 191) and 
Wille (1909, p. 28) include this genus in Dictyosphaerium, but the differ- 
ences warrant generic separation. It is possible that Dictyocystis is really 
a Cosmocladium (Smith, Bull. Univ. Wisconsin, No. 57, Pt. ii, 1924, p, 89). 

* De Wildeman, Bull. Herb. Boissier, v, 1897, p. 582. 

* W. West, .Journ. Roy. Micr. Soc., 1892, p. 785; cf. also West, 1916 a, 
p. 191. The amended description given by Schmidle (Flora, lxxviii, 1894, 
p. 47) is not correct, as the plant he included in it is not a species of Westella, 
but belongs to Radiococcus, 


186 


CLASS /. ISOKONTAE 


old mother-cell walls to form small free-floating colonies (with 
a max. number of 80 cells), practically free from enveloping 
mucus. Chloropl. bell-shaped with several large granules, but 
presence of pyrens. doubtful. Enlargement of colony by div. 
of protoplasts along two directions in one plane. 

The only Brit, sp., W. hotryoides De Wildem. (Tetracoccus botryoides 
W. West) (fig. 45), is widely distributed, generally occurring in the 
surface waters of ponds and in the plankton of lai^e lakes; cells 
3*8-5'7 br.; colonies 30 57 br. 

Dimorphococctis A. Braun, 1849^. Cells arranged in composite 
colonies consisting of irregular agglomerations of definite groups 
of four cells disposed obliquely in one plane, the two central cells 
of each group being ellipsoid or oblong and the two outer ones 
cordate or reniform ; the four cells of a group are held in position 
by irregular fragments of the mother-cell wall and the different 
groups represent successive generations held together in the 
same way; usually very little enveloping mucus. Chloropl. 
parietal, with pyren. Enlargement of the colony much as in 
Dictyosphaerium; when a certain size is reached, fragmentation 
into smaller colonies ensues. 

D. lunatus A. Br. (fig. 40) is a rare Alga which sometimes occurs 
in the plankton, but is more often met with in the small tarns of 
mountainous districts; colonies 57-86 br.; cells 11-25 1. 

Family 6. COELASTRACEAE 

This family includes the typically coenobial members of the 
Autosporinae and is thus parallel to the Hydrodictyaceae among 
Zoosporinae. The coenobia assume varied forms, but the com- 
ponent cells are in almost all cases joined together by mucilage- 
pads or by processes of other kinds developed at certain points 
of their surface; in addition there is sometimes a mucilage- 
envelope, which is rarely visible without special staining. 
Reproduction is effected by the formation of a new coenobium 
within each cell of the parent. 

Crmigenia Morren, ISSO^ {Staurogenia Kutzing, 1849; 
Leynmermannia Chodat, 1899^; Willea Schmidle, 1900; Cruci- 

1 Braun, 1855, p. 44; Bohlin, 1897, p. 25; Crow, Ann. of Bot. xxxvii, 
1923, p. 141. 

2 Morren, Ann. sci. nat. xx, 1830, p. 415; Schmidle, Ber. Deutsch. Bot. 
Ges. XVIII, 1900, p. 149 (sub Staurogenia); Wille, Nyt Mag. f. Naturvidensk., 
XXXVIII, 1900, p. 10; Smith, 1920, p. 144. 

• Lernmermannia (Chodat, Mem. Herb. Boissier, No. 17, 1900, p. 5; 
Chodat, 1902, p. 221) differs essentially from Crucigenia only in the absence 
of a pyrenoid. 
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geniella Lemmermann, 1900). Coenobi^, composed of four cells 
of diverse shape arranged to form 

a flat or slightly curved plate, the 9% W AA 

cells being closely adherent except An moM 

in the centre, where there is usually 9% 9% Ka ^ 

a small quadrate or rhomboidal -^%999 WV 

space; daughter-coenobia gener- A B ^ 
ally combined to form larger ^ ^ ^ 

plates, which are held together by 
a more or less conspicuous muci- 

lage-envelope formed from the p ^ G ^ 

mother-cell membranes, this ten- pj„ 47 Crucigenia reci- 

dency not uncommonly extending angularis (Naeg.) Gay, from 
to more than one generation, so Lough Shannacloontippen, Gal- 
4.U 4. u* o -1^ ort 4. way, Ireland; C, with formation 

that syncoenobia of 8, 16, 32, etc. autocoenobia. D and E, C. 
(up to 128 ) cells may originate, t/uadro/a Morren, from Settle, W. 

Chloropl. cup-shaped, with or Vorks. F, C. Te/rap<jdta(lprchn.) 

..1 ^ ^ 11 .1 W. & G. S. West, from plankton 

without apyren.; cell-wall smooth. ^ Ireland. G and 

New coenobia are formed by cross- H, Tetrastrum Staurogeniaeforme 
wise div. of the protoplasts of the (Sehrhd.) Chod., from near Rie- 
cells of the parent; multipl. takes ^^ 520 .) or . ( 

place by dissociation of the syn- 
coenobia. Resting-spores have been recorded in C. rectangularis 
(Naeg.) Gay. 

In the frequent occurrence of syncoenobia this genus 
approaches the Dictyosphaeriaceae. 


Fig. 47. A-Cr Crucigenia rect- 
angularis (Naeg.) Gay, from 
Lough Shannacloontippen, Gal- 
way, Ireland; C, with formation 
of autocoenobia. D and E, C. 
quadrata Morren, from Settle, W. 
Yorks. F, C. Tetrapedia (Kirchn.) 
W. <fe G. S. West, from plankton 
of L. Neagh, Ireland. G and 
H, Tetrastrum Staurogeniaeforme 
(Schrdd.) Chod., from near Rie- 
vaulx Abbey, N. Yorks. (All 
X .' 520 .) 


Specific distinction is essentially based on the form of the cells. 
All the sp. are constituents of the freshwater plankton. Of the six 
Brit, sp., C. rectangularis (Naeg.) Gay (cells 5-9 1.; 4-6 br.) (fig. 47, 
A-C) is the most frequent. C. quadrata Morren ( = ? C. triangularis 
Chod.) (fig. 47, D and E), distinguished by its rounded cells (.5-5-5 br.), 
is much rarer. C. Tetrapedia (Kirchn.) W. & G. S. West (1902, p. 62) 
{Tetrdpedia emarginata Schrod.; Lemmermannia ernarginata Chod.) 
(fig. 47, F) is only known from the plankton of Lough Neagh and of 
a pool in the Midlands (Griffiths, 1922, p. 9) ; it is easily recognised by 
the shape of the cells (4- 8-9-5 br.); the 4-celled coenobia are 10-5-15-5 
in diam. The very small C. minima (Fitschen) Brunnth., with ovoid 
cells (3-3-5 br.), has so far only once been recorded (Griffiths, 1922, 


p. 10). 

C. irregularis Wille, known from the plankton of several lochs in 
the Shetlands and from Norway, differs only in the somewhat irregular 
colonies and the absence of pyrens. from C. rectangularis, of which 
Brunnthaler (1915, p. 171) regards it as but a variety. The genus 
Willea, created for this sp. owing to the lack of pyrens. (Schmidle, 
loc. cit. p. 157), is no longer maintained, since little systematic value 


can be attached to such a feature. 
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Tetrastrum Chodat, 1895^ (Cohniella Schroder, 1897). Differs 
from Crucigenia only in the presence of spines (rarely knobs) on 
the outer surfaces of the cells of the 4-celled coenobia and in the 
infrequent occurrence of syncoenobia; the mucilage-envelope 
is usually inconspicuous. The genus is thus artificial and its 
maintenance is purely a matter of convenience. 

The three sp. recorded from the Brit. Isles are all very rare. T. 
Staurogeniaeforme (Schrod.) Chod. (Staurogenia Schroderi Schmidle) 
(fig. 47, G and H) has however been reported from various localities; 
cells 3-6 br. without spines. T. heteracanthum (Nordst.) Chod., in which 
the cells bear two curved spines of unequal length, and T. npicuhtium 
(Lemm.) Schmidle, with a minute spine on one extremity of each 
cell, have each been recorded from only one locality. 

Scenedesmus Meyen, 1829-. Coenobiurn of 4 or 8 (rarely 16) 
ellipsoid, oblong, or fusiform cells arranged with their long axes 
parallel and generally in one plane, either in a single or in two 
alternating rows. In some sp. the cells are longit. ridged and 
^hey are frequently furnished with variously disposed spines; 
commonly the terminal cells of the row differ in shape and other 
respects from the others. Chloxopl. parietal^ cuj[)-shaped, with 
^ notch, often occupyi ng the whole length oTtHF^ell, 

somSime^ dittu^^ throughout the protoplast, 
generally_a:.sinjg^ Multipl. by crosswise div. of tlie pi^^ 

plast leading toTorrhation of autocoenobia which are liberated 
by rupture or gelatinisation of the membrane of the parent-cell; 
syncoenobia are rare. Globular resting-spores are known in a 
few sp. 

In the few sp, which have been carefully investigated each 
cell of the coenobiurn has been found to possess a delicate 
mucilage-envelope outside the cellulose wall ; the large spines of 
S, quadricauda (Turp.) Breb., for instance, as well as the connect- 
ing pads between the cells, are merely elaborations of this 
envelope®. 

Several investigators^ have studied the growth of sp. of this 
genus under various cultural conditions and have shown that 
they may be made to assume very diverse forms, e.g. Dactylo- 
coccM,v-stages, Chlorella-Wke forms, etc. It is not clear, however, 

^ Chodat, Bull. Herb. Boissier, iii, 1895, p. 114; SchrOder, Ber. Deutsch. 
Bot. Ges. XV, 1897, p. 373. 

2 Bninnthaler, Hedwigia, liii, 1913, p. 164; Chodat, 1913, p. 13; Smith, 
Arch. f. Protistenkunde, xxxii, 1914, p. 278; Smith, Trans. Wisconsin 
Ac. XVIII, 1916, p. 422; Wille, 1918, p. 1. 

® cf. Senn, Bot. Zcit. lvii, 1899, p. 70. 

* Chodat and Malinesco, Bull. Herb. Boissier, i, 1898, p. 184; Senn, 
loc. cit. p. 70; Grintzesco, Bull. Herb. Boissier, 2 s^r. ii, 1902, pp. 217, 406. 
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how far this polymorphism obtains in nature (see Smith, loc. cit., 
1916, p, 424), although it is definitely established that Dactylo- 
coccus infusionwn Naeg. (fig. 48, B) is a naturally occurring state 
of Scenedesmus ohliquus (Turp.) Kiitz. (cf. p. 101). 

For most of the sp. a large number of varieties and forms have 
been described and specific delimitation is often a by no means 
easy matter. The most recent monograph of the genus is by 
G. M. Smith (1916), in which the bulk of the forms were studied 
under conditions of pure culture. 



Fig. 48. Pi^JScenedesmus obliqutis (Turp.) Kiitz., from Bradford, W. Yorks. 
B, the state of S. obliqutis known as Dactylococcus iufusionum Naeg., from 
Bowness, Westmorland. C, S. bijuga (Turp.) Lagerh., from various locali- 
ties. D-F, .S', quadricauda (Turp.) Br6b., from Bradford, W. Yorks. G, 
S. quadricauda var. horridus Kirchn., from S. E. Surrey. H, S. quadricauda 
var. maadmus W. & G. S. West, from Pilmoor, N. Yorks. I-K, S. denti- 
culatus Lagerh. var. linearis Hansg.; I and J, from Westmorland; K, from 
Mayo, Ireland. L, .S', abundans (Kirchn.) Chod. var. spicatus (W. & G. S. 
West) G. M. Smith (.S. spicatus W. & G. S. West), from Saltburn, N. Yorks. 
(All X 520.) auty autococnobia. 

There are some 12 Brit, sp., of which S. quadricauda (Turp.) Br^b. 
(fig. 48, D-F), S. bijuga (Turp.) Lagerh. (5. obtusus Meyen; S. biju- 
gatus Kiitz.) (fig. 48, C), and N. ohliquus (Turp.) Kiitz. (S, acutus 
Meyen) (fig. 48, A, B) are general and abundant. All three vary much 
in size (cells of large forms of S, quadricauda reaching a length of 
30 p and a breadth of 14 ^) and in other characters. They are regular 
constituents of the freshwater plankton, but occur most abundantly 
in stagnant water, especially in association with Pediastrum Boryanum^ 
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Coelastrum sphaericum, etc. The cells of some of the sp. are furnished 
with tufts of gelatinous bristles, similar to those found in sp. of 
Pediastrum^. 

S. denticulatm Lagerh. var. linearis Hansg. (fig. 48, I-K) is widely 
distributed, but rarely occurs in such abundance as the three sp. 
above named. In S. costatus Schmidle and S. acutiformis Schrod. the 
cells possess prominent longitudinal ridges. S, hystrix Lagerh., whose 
cells bear numerous minute spines, and S. granulatus W. & G. S. West, 
where the walls bear three longitudinal rows of small warts, are very 
uncommon. Another remarkable sp., so far recorded from only one 
locality in the Midlands 2 , is S» Racihorskii Woloszynska, where the 
four cells of the coenobiurn exhibit a radial disposition; syncoenobia 
are not uncommon in this sp., which approaches the genus Tetradesm us 
in the grouping of the cells. 

Tetradesmus G. M. Smith, 1913^ (Victoriella Woloszynska, 
1914). Coenobia of four more or less ellipsoidal cells, often with 
a relatively thick wall, ranged parallel to one another in two 
planes. Chloropl. a single parietal plate, with a pyren. Reprod. 
by formation of autocoenobia within each cell, these being liber- 
ated by rupture of the membrane. 

The only Brit. sp. is T, cumbricus G. S. West (cells 2.5 80 1.; 11-13-5 
br.)(fig.50, B-D), so far only recorded from the plankton of Ennerdale 
Water (West, 1915, p. 82). 

Coelastrum Naegeli, 1849^ (Hariotina Dangcard, 1889). 
Coenobiurn spherical or polyhedral, hollow, composed of 8, 16, 
or 32 (rarely 64) cells united to form a single peripheral layer, 
the whole surrounded by an obscure mucilage-envelope; cells 
globose or more or less polyhedral, often with a truncate pro- 
jection (rarely two) on their free outer faces, joined either by 
the mucilage-layer on their contiguous faces or by more or less 
markedly projecting processes, in the latter case with spaces of 
variable size between the cells. Chloropl. parietal, bell-shaped, 
with a pyren. Reprod. by formation of autocoenobia, liberated 
by a split in the mother-cell wall or more rarely by its gelatinisa- 
tion. Resting-spores have been observed in some sp. 

Each cell of the coenobiurn is provided with a delicate mucilage-, 
investment and the connecting pads and processes are develop- 

^ Petersen, Bot. Tidsskr. xxxi, 1912, p. 169. 

2 Griffiths, Journ. Linn. Soc., Bot. xniii, 1916, p. 430. 

» G. M. Smith, Bull. Torrey Bot. Club, XL, 1913, p. 76; Chodat, 1922, 
p. 105. 

Naegeli, 1849, p. 97; Dangeard, Le Botaniste, i, 1889, p. 162; Chodat 
and Huber, Bull. Soc. Bot. France, xli, 1894, p. cxlii; Rayss, Mat. pour 
la Flore Crypt. Suisse, v, fasc. 2, 1915, p, 1; Wille, 1918, p. 23; Crow, Ann. 
of Bot. XXXVIII, 1924, p. 398. 
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merits of this envelope^. As in the case of Scenedesmus, it has 
been shown for diverse sp. of Coelastrum that, under certain 
circumstances, the cells of the daughter-coenobia fall apart and 
both in structure and mode of multiplication then closely 
resemble those of Chlorella^. 



Fig. 49. A, Coelastrum cambricum Arch., from Lough Gartan, Donegal, 
Ireland. B-D, C. sphaericum Naeg.; B and C, small coenobia from near 
Penzance; D, large coenobium giving rise to autocoenobia, from Bowness, 
Westmorland. (All x475.) 



Fig. 50. A, Coelastrum reticulatum (Dang.) Senn, syncoenobium (after 
Chodat). B-D, Tetradesmus cumbricus G. S. West (after West, x 460), from 
Ennerdale Water, Cumberland; C, end-view. 


The sp. of this well-defined genus occur at the margins of pools and 
lakes, although a number are essentially planktonic. There are seven 
Brit, sp., of which the two most frequent are C. sphaericum Naeg. 
(coenob. 18-92 br.; cells 4-23 br.) (fig. 49, B-D) and C. cambricum 
Arch. (C. pulchrum Schmidle) (fig. 49, A). In the former the cells are 

1 Senn, Bot. Zeit. lvii, 1899, p. 40. 

* Senn, loc. cit. p. 47; Rayss, loc. cit. p. 41. 
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somewhat conical with a polygonal base, and in the latter they are 
more or less distinctly lobed and furnished with a truncate surface 
projection. Of far rarer occurrence are: C. cubictim Nacg. with 
hexagonal cells bearing three truncate processes and forming almost 
cubical coenobia ; C. microporiim Naeg. with almost spherical cells 
and very small intercellular spaces; C. proboscideum Bohlin with 
conical cells having an hexagonal base; and S. schizoderniaticmn 
F. Rich with a well-marked mucilage-envelope and little caps of cell- 
membrane split off from the outer surfaces of the cells 

C. retiaikitum (Dang.) Senn (Hariotina reticidatn Dang., C. sub- 
pulchrum Lagerh., C. distans Turn.), made the type of Dangeard's 
genus Hariotina (loc. cit.), differs from all other sp. of Coelastrimi in 
the long narrow gelatinous, often curved and sometimes irregularly 
disposed processes by which the 4, 8 or 16 cells of the coenobium are 
connected. The young coenobia often remain for a relatively long 
period within the parent cell -membrane and, since the processes 
connecting the parent-cells persist, syncoenobia are of frequent 
occurrence; cells 6-24 hr. (fig. 50, A). 


GROUP 3. ULOTRICHALES 

The faculty of limitless division of a purely vegetative type 
is the keynote to the group of the Ulotrichales, as to- all other 
filamentous Algae. In such division the cell is partitioned by a 
septum which, in the majority of the Green Algae, develops as 
an annular ingrowth from the longitudinal walls and, subsequent 
to nuclear division, gradually cuts across the protoplast. The 
two cells thus produced adopt the membrane of the parent 
except for the intervening septum which is new and common to 
both. A consequence of this method of cell-increase is a tendency 
for the products to cohere and, as long as division takes 
place in one direction only, a filament is the necessary result. 
The origin of the filament may be regarded also from the 
mechanical point of view, the septa serving the purpose of giving 
mechanical stability to a developing cylindrical structure, such 
as might be obtained by the elongation in one direction of a 
Chlorococcum- or resting Chlamydomonas-celh It is not without 
interest to carry this interpretation further and to note the 
effect of elongation and septation upon the almost spherical 
chloroplasts of such Algae. The cells of the resulting filaments 
would each contain an annular chloroplast having the shape of 
a hollow cylinder. Such a chloroplast is occasionally realised 
in Vlothrix zonata and in the genus Pearsoniella^ recently described 
from South Africa. In other Ulotrichaceae the chloroplast 

^ F. Rich, New Phytol. xx, 1921, p. 284. 

* Fritsch and Rich, Trans. Roy. Soc. South Africa, xi, 1924, p. 814. 
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represents a larger or smaller arc of a cylinder, in other words a 
curved parietal plate, with or without pyrenoids. 

Vegetative division is, on the other hand, almost unknown 
among the unicellular and colonial Isokontae which have been 
considered in the preceding pages. The only outstanding excep- 
tion is furnished by Chlorosphaera (p. 107), itself perhaps a 
reduced filamentous type. This is almost certainly true of 
Pleurococcus {Protococcus) which, in the present work, is regarded 
as a reduced member of the Chaetophorales (p. 209). The method 
of cell-increase (by rejuvenescence of the protoplast), typical of 
Volvocales and Chlorococcales, is however retained throughout 



Fig. 51. A and Br(Ul()thrix zonata (Web. et Mohr) Kiitz., from near Meaux 
Abbey, E. Yorks ( x 500). C-F, U. mbtilis Kiitz., from near Mullion, 
Cornwall (x500); F shows development of a “palmelloid condition.’’ 
a, aplanospore; za, macrozoospore; zi, microzoospore. 

the filamentous Algae in connection with asexual and sexual 
reproduction — in fact such a genus as Ulothrix is fundamentally 
distinguished from a Chlamydomonas or a Chlorococcum only by 
the vegetative division leading to the filamentous habit. 

In Ulothrix, as in other Ulotrichaceae, there is no division of 
labour, except that the basal cell of young threads is developed as 
an attaching organ and is usually deficient in chlorophyll; other- 
wise all the cells are alike, each can grow and divide, produce zoo- 
spores, etc. (cf. fig. 51). Except in forms inhabiting flowing 
water, however, the filaments are only found attached in young 
stages; as they grow longer, they break across at one or more 
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points and thereafter are free-floating. Fragmentation of threads 
into short lengths remains as a common method of vegetative 
propagation throughout the period of active growth and attains 
its height in the terrestrial species of Hormidium (fig. 52, D) and 
Stichococcus (fig. 57); in the latter there is a great tendency for 
dissociation of the threads into the individual cells, so that even 
few-celled filaments are often rare. 

The remaining reproductive methods have been most fully 
studied in JJlothrix^. In the production of swarmers, which 
usually commences near the apex and progresses towards the 
base of the filament, the protoplasts undergo successive division 
into two, four, eight, or more parts, the products being liberated 
through a small aperture formed on one side of the cell into a 
delicate evanescent mucilage-bladder (fig. 51, B); in the process 
of segmentation the superficial plasma-membrane and that 
bounding the central vacuole are not involved. It appears that 
three types of swarmers may be produced, viz. {a) quadriciliate 
macrozoospores formed in small numbers from the mother-cell 
and with an anterior stigma; (5) quadri- or biciliate micro- 
zoospores formed in larger numbers and with the stigma in the 
middle of the body (fig. 3, D); and (c) biciliate gametes which, 
though in general smaller, resemble the microzoospores. The 
macro- and microzoospores are positively phototactic to different 
light-intensities and can thus be separated ; moreover the latter 
exhibit a much longer period of movement (2-6 days) than the 
former, which usually come to rest within 24 hours. The ciliation 
of the microzoospores seems to depend on their size, the larger 
being 4-, the smaller 2-ciliate. On germination they give rise to 
narrower filaments than those produced from macrozoospores, 
and this perhaps accounts for the diversity in size which is so 
often observed in collections of species of this genus. Pascher 
(loc. cit.) has shown that each of the three types of swarmers, 
though variable in size, varies about its own mean 2 . 

The gametes, which are usually liberated in the morning, are 
isogamous, though fusion only occurs between gametes, from 
distinct parent-cells. The quadriciliate zygote soon rounds oft 
to form a spherical thick-walled zygospore which, on germina- 
tion, either forms zoospores or apparently more commonly 
aplanospores ; in either case a number of new filaments are 

^ cf. especially Dodel, Jahrb. Wiss. Bot. x, 1876, p. 417; Klebs, 1896, 
p. 800; Pascher, Bibl. Bot. lxvii, 1907, p. 15. 

* The movements of the microzoospores and gametes are frequently very 
strange, one cilium being kept more or less rigid and its extreme apex used 
as a pivot, while the other cilium exhibits violent movements causing a 
rapid lateral oscillation of the body. 
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produced. Parthenogenesis has been induced artificially by 
Klebs (1896, p. 821), the parthenospores behaving just like the 
normal zygospores. 

Production of aplanospores (figs. 51, D; 53, F) is a frequent 
phenomenon, and the occasional Palmellastsiges^ are obviously 
but a modification, due to special conditions, of such aplanospore- 
formation. Species of Ulothrix also at times reproduce by akin- 
etes (fig. 53, I) formed by thickening and partial gelatinisation 
of the walls and accumulation of food -reserves within the cells. 
It is interesting to note that the same striking diversity of re- 
productive methods is encountered also in Stigeoclonium, the 
central type of the Chaetophorales (p. 175). 

The different genera of Ulotrichaceae are distinguished in the 
main on vegetative features, since in many cases little of their 
reproduction is known. Hormidium, (fig. 52, D), however, apart 
from its characteristic chloroplast (p. 154) and prolific multipli- 
cation by fragmentation, is distinguished by its biciliate dorsi- 
ventral zoospores (fig. 52, F) which arise singly in the cells; 
sexual reproduction is only known in H, flaccidum, where the 
gametes, likewise produced one in each cell, are slightly aniso- 
gamous. The rare genus Binicclearia (fig. 54) is mainly distin- 
guished from Ulothrix by the very marked thickening of the 
mature transverse walls, so that the protoplasts of recently 
divided cells appear in pairs separated by more or less wide 
mucilaginous tracts representing older septa. The akinetes, 
which are not uncommon, often germinate in situ, their thick 
walls which are ruptured on germination forming characteristic 
bands at intervals across the threads. In Geminella (fig. 55) 
and Radiofilum (fig. 56, D) the filaments are provided with a 
mucilage-envelope, which in the latter sometimes shows a fibrillar 
structure. Swarmers are not clearly established for any of these 
genera. 

In all the Ulotrichaceae the cells contain a single parietal 
chloroplast, usually with one or more pyrenoids, and this is also 
true of the rare Cylindrocapsa (fig. 58), which is indeed often 
included in Ulotrichaceae in spite of its marked oogamy. The 
latter shows some striking analogies with that of Oedogonium, 
since the oogonia are considerably enlarged cells opening by a 
lateral pore to allow access of the spermatozoid to the single 
ovum, whilst the antheridia originate by active division of 
vegetative cells and each produce two brownish-red spermato- 
zoids. Biciliate zoospores are also known, but the genus will well 
repay further study under natural conditions. 

The Ulvaceae, mainly marine but with a few freshwater 
^ Cienkowski, 1876, p. 5.53, 
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representatives (fig. 59), appear to be a special development of 
the Ulotrichaceous type, resulting from a division of the cells 
in more than one direction (cf. Schizomeris, p. 153). Apart from 
the fact that the early stages in development are often filaments, 
scarcely distinguishable from an Ulothricc, the close relationship 
is shown by the cell-structure (single parietal plate-shaped 
chloroplast, with a pyrenoid) and the similarity in the repro- 
ductive processes. 

In the very common freshwater genus Microspora (fig. 60) it 
is not improbable that we have merely another elaboration of 
the central type. According to G. S. West (1916 a, p. 289) there 
is a single parietal chloroplast taking the form of a very variable 
reticulum (fig. 60, E), parts of which are thickened to form 
somewhat bulging cushions apposed both to the lateral and 
terminal walls (fig. 52, G). Pyrenoids are absent, as in some 
species of Ulotrichaceae, but carbohydrates are stored as' small 
starch-grains. In some of the species the cell- wall is composed 
of two overlapping portions, with the result that their filaments 
readily dissociate into H -shaped pieces (cf. fig. 60, C). In this 
respect they resemble those of the Heterokontan genus Tri- 
bonema (cf. p. 310), intermingled with which Microspora 
commonly occurs and with which it was long confused. In its 
reproductive methods Microspora shows many analogies with 
Ulothrix, Swarmers with four and two cilia (fig. 52, C) are re- 
corded, as well as possible gametes; in addition aplanospores 
and akinetes are of common occurrence. There are thus scarcely 
grounds for placing the Microsporaceae in a group of their own, 
as has frequently been advocated^. 

The Prasiolaceae, represented by the very abundant ter- 
restrial and aquatic genus Prasiola (fig. 61), stand somewhat 
apart from the forms hitherto discussed in the possession of an 
axile stellate chloroplast with a large central pyrenoid and the 
apparently complete absence of motile reproductive cells, A 
close relationship with the Eu-ulotrichales, previously con- 
sidered, is improbable. Forms with axile and often more or less 
stellate chloroplasts are found in the Volvocales and Chlorococ- 
cales (e.g. AsterococcuSy Trebouxiay Dictyocystis), and it is possible 
that they represent members of a distinct evolutionary series 2 , 
of which Prasiola is the most elaborate form, but till there is 
adequate evidence the latter finds a more fitting place in the 
neighbourhood of the Ulvaceae with which its vegetative 

^ cTT Heering, 1914, p. 146. 

* cf. also Lagerheim, Ber. Deutsch. Bot. Ges. x, 1892, p. 872. It should 
be noted however that parietal and axile chloroplasts occur side by side in 
other accepted series, e.g. Conjugatae. 
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differentiation has much in common. Here, however, the 
filamentous (Hormidium) stage (fig. 61 , A, B) that always 
precedes the foliaceous one may last indefinitely, a condition 
that seemingly obtains especially in shady and dry situations. 

Many will probably disagree with the inclusion of the Clado- 



Fig. 52. A-B, Uronema elongatum Hodgetts (after Hodgetts, x600), from 
King’s Norton, Birmingham; B, liberation of macrozoospore. C and (i, 
Microspora tumidula Hazen (after West); C, escape of zoospores ( x375); 
G, showing chloroplast ( x750). D-F, Hormidium flaccidum (Kiitz.) 
A. Br. (after Klebs, x750); E, young tiiament produced from a zoospore; 
F, zoospore. H, Microspora amoena (Kiitz.) Lagerh. (after Meyer, x550), 
young plant produced from an aplanospore. I, Binuclearia tatrana Wittr. 
(after Gutwinski, x330), akinete-formation. 

phoraceae in the group Ulotrichales, but the w iter believes that 
this family finds at least as good a place there as among the 
Siphonales to which it has usually been referred. The Clado- 
phoraceae are undoubtedly forms with a long history behind 
them, as shown by the coenocytic structure of their cells and 


10-2 
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the frequent high morphological elaboration. Coenocytic types 
are not uncommon among Chlorococcales and it would not be 
surprising if the multinucleate condition had been retained in 
some of the filamentous forms originating from a Chlorococcaceous 
ancestry. In many of the genera of Cladophoraceae there is 
close resemblance in reproductive methods to Ulotrichaceae, 
saving that, owing to the large size of the cells, the s warmers 
are formed in very large numbers within them ; there is however 
no development of special sporangia or gametangia, such as 
distinguishes the majority of the Siphonales. Although a number 
of the genera {Cladophora (fig. 64); Pithophora (fig. 65)) have 
richly branched filaments, this is not a universal characteristic, 
since in Chaetomorpha (fig. 62) there are no and in Rhizoclonium 
(fig. 63) few branches. 

The special features of the cell-structure are easily related 
to the large size of the coenocytes. It would seem that in all 
cases the chloroplast is fundamentally single, consisting of a 
parietal reticulum with meshes of very varied size covering 
both the longitudinal and the transverse walls ^ and frequently 
extending into the cytoplasmic processes that traverse the cell- 
cavity; the pyrenoids are numerous and irregularly distributed. 
The number of nuclei varies from many in Cladophora down to 
one in some of the cells of Rhizoclonium^ (only one in the marine 
Spongomorpha). A marked characteristic are the thick stratified 
membranes to which most Cladophoraceae owe their rough 
crisp feeling and probably their usual restriction to well aerated 
waters ; the chief exception in this respect among the freshwater 
forms is constituted by Pithophoray whose real home is indeed 
in somewhat stagnant tropical waters®. 

Many Cladophoraceae are markedly perennial (especially 
Cladophora^ and Rhizoclonium)y unfavourable periods being 
tided over by a dormant condition in which the walls are even 
more prominently thickened, the cells sometimes irregularly 
swollen, and the contents laden with reserves; in Cladophora 
such dormant stages are often almost branchless. This is a state 
of wholesale akinete-formation without dissociation of the 
threads. Pithophoray however, develops specialised akinetes 
from a part only of each coenocyte (fig. 65), and this is the sole 
method of reproduction as yet known for this genus. 

The larger Cladophoraceae are generally attached to some 
substratum and often frequent running water. The holdfasts 

^ Carter, Ann. of Bot. xxxiii, 1919, p. 469 et seq. 

* Peterschilka, Arch. {. Protistenkunde, xlvii, 1924, p. 886. 

* Fritsch, Ann. of Bot. xxi, 1907, p. 258. 

^ Fritsch and Rich, 1909, p. 40. 
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are relatively elaborate in conformity with the large size of the 
plants, and not uncommonly supplementary rhizoids are pro- 
duced from the cells above the basal one. The peculiar short 
rhizoid-like branches of Rhizoclonium (fig. 63, B and C), which 
are not uncommonly practically absent, seem to have nothing 
to do with attachment and their function is dubious. In Clado- 
phora and Pithophora there is apical growth of the branches, 
but in the other genera cell-division is not localised. Cladophora 
is also distinguished by the fact that zoospores and gametes are 
often only produced in the smaller branches of older plants 
whose main branch-system is thus essentially supporting in 
function ; in Pithophora too production of akinetes is less frequent 
in the larger axes. In these respects the Cladophoraceae have 
gone beyond anything found in other Ulotrichales. 

The position of the unique genus Sphaeroplea (fig. 66, B-E) 
is especially doubtful. With the Cladophoraceae, with which it 
is usually associated, it has nothing in common except the 
coenocytic construction and the undifferentiated ‘‘gametangia.” 
In S, africana Fritsch^, where the septa appear to develop 
incompletely and to be quite different from those of other Algae, 
a closer relationship with the Siphonales is possibly implied, 
but in that group also Sphaeroplea would occupy a very isolated 
position. For the present it may be allowed to stand as an ex- 
ceptional member of the Ulotrichales, the annular chloroplasts^, 
several of which occur in each coenocyte and give the threads 
a very handsome and striking appearance (fig. 66, C), constitut- 
ing a possible indication of affinity. The outstanding features, 
apart from that just mentioned, are the absence of all attaching 
organs, the filaments being free-floating from the first, and the 
peculiar type of oogamy. Oogonia forming numerous (up to 
100) ova and antheridia producing still more numerous spindle- 
shaped biciliate sperms are constituted by the ordinary coenocytes 
without change of form ; a number of small pores formed in the 
walls admit of the escape of the spermatozoids on the one hand 
and of their penetration into the oogonia (fig. 66, E) on the other. 
The bright red oospores (fig. 66, B), which are known to survive 
a resting period of several years, on germination give rise to 
2-8 biciliate zoospores. After the cessation of movement the new 
filament is initiated by a gradual elongation of each end. Pro- 
duction of zoospores by the ordinary threads has not yet been 
observed, but is manifestly probable. 

In accordance with the foregoing remarks, four series can be 
distinguished among the Ulotrichales, viz. : 

1 Fritsch, 1918. p, 527. 

* cf. footnote 2 on p. 178. 
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I. Eu-tdotrichales, in which the plant-body is a simple unbranched 
filament or a cellular expanse composed of uniform uninucleate cells 
without division of labour; chloropl. single, parietal, often with one 
or more pyrenoids ; isogamous or oogamous. 

II. Prasiolales, in which the plant-body is a simple unbranched 
filament, and later a cellular expanse, composed of uninucleate cells 
with an axile stellate chloropl. 

III. CladophoraleSy in which the plant-body is a simple or branched 
filament, sometimes with some division of labour among the cells 
which are uni- to multi-nucleate and have a single, more or less 
reticulate chloropl.; isogamous. 

IV. Sphaeropleales, in which the plant- body is a simple unattached 
filament of coenocytes, each with a number of annular chloropl.; 
sexual reprod. oogamous, without differentiation of special sexual 
organs. 

The following scheme will aid in the identification of the British 
genera : 

Series I. Eu-ulotrichales, 

A, Plant-body an unbranched filament, rarely showing longit. div. 
of the cells, chloropl. single and parietal, sex. reprod. where 
known not oogamous Ulotrichaceae 

a. Filaments not readily fragmenting into the individual cells 

1, Filaments without a prominent mucous envelope, cells 

cylindrical with truncate apices 

* Filaments elongate, without a specially differentiated 

apical cell 

t Cells evenly spaced, transv. walls not prominently 
thickened 

§ Chloropl. annular or plate-shaped, usually extending 
round more than half the circumference of the 
cell and occupying its whole length, zoospores 
4- or 2-ciliate, aquatic Ulothrix 

§§ Chloropl. elliptical of circular in outline, often occupy- 
ing only half the length of the cell, zoospores 
2-ciliate, threads readily fragmenting, terrestrial or 
aquatic Hormidium 

tt Cells in pairs, mature transv. walls very thick 

Binuclearia 

** Filaments short, with an attenuated apical cell, epiphytic 

Uronema 

2. Filaments with a prominent mucous envelope, cells cylin- 

drical with hemispherical ends or subglobose or trans- 
versely extended 

♦ Cells cylindrical, envelope structureless Geminella 

♦♦ Cells subglobose or transversely extended, envelope some- 
times striated at right angles to filament Radiofilum 
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h. Filaments readily fragmenting into the individual cells which 
are more or less cylindrical Stichococcus 

B. Plant-body an unbranched filament, cell-walls thick and 

gelatinous, chloropl. single and parietal, sex. reprod. oogamous 

Cylindrocapsaceae 

Only genus Cylindrocapsa 

C. Plant-body a flat leaf-like expanse or a tubular thallus, chloropl. 

single and parietal, sex. reprod. isogamous Ulvaceae 

a. Thallus when young vesicular, when adult a thin membranous 

expanse Monostroma 

b, Thallus when adult an elongated tube Enteromorpha 

D. Plant-body an unbranched filament, chloropl. of a number of 

parietal cushions joined to form an irregular network, without 
pyrenoids, cell-wall sometimes dissociating into -shaped 
pieces Microsporacene 

Only genus Microspora 

Series II. Prasiolales, 

Only genus ^ Prasiola 

Series III. Cladophorales. 

Plant-body a branched (rarely unbranched) filament, composed 
of large usually thick-walled cells, membrane not mucilaginous, 
causing a rough and crisp feeling, sex. reprod. isogamous 

Cladophoraceae 

a. Filaments without branches or with isolated rhizoid-like 

branches 

1. Filaments broad, unbranched, usually with thick, lamellose 

walls Chojdcmwrpha 

2. Filaments narrow, walls generally not very thick, with 

occasional short rhizoid-like branches Rhizoclonium 

b. Filaments usually extensively branched 

1. Plants large, often several inches from base to summit, 

chloropl. with numerous pyrenoids 
* Membranes thick and stratified, branches usually 
originating from top of their supporting cell, akinetes 
not specially differentiated Cladophora 

** Membranes thinner, branches originating a little below 
top of their supporting cell, special akinetes occupying 
only half the parent-cell Pithophora 

2. Plants microscopic, chloropl. parietal, without pyrenoids 

Chaetonella 

Series IV. Sphaeropleales. 

Only family Sphaeropleaceae 

Only genus Sphaeroplea 


^ cf. with BangiOf p. 421. 
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Series I. EU-UtOTRICHALES 
Family 1. ULOTRICHACEAE 

In this family the plant-body consists of simple unbranched 
filaments exhibiting no differentiation among the cells, except 
for the basal attaching cell often present in young stages; in a 
number of the genera the filaments are encased in mucilage- 
sheaths. The cells are uninucleate and contain a single parietal 
chloroplast, usually provided with pyrenoids. Reproduction is 
effected by fragmentation of the threads (commonly into uni- 
cellular portions in Stichococcus)^ by zoospores, aplanospores, 
and akinetes. Where sexual reproduction has been observed it is 
isogamous, the gametes being biciliate. The swarmers are formed, 
with or without division, from the contents of the ordinary 
cells. 

Ulothrix Kutzing, 1838^ {Hormiscia^ in the sense used by 
Rabenhorst (1868), Hansgirg, and De Toni). Filaments aquat., 
not attenuated at the apex, but frequently fixed by a unicell., 
simple or ramified basal “rhizoid”; cells commonly shorter than 
broad or as long as broad, sometimes swollen, in the larger sp. 
with thick lamellose walls. Chloropl. ring- or plate-shaped, 
usually extending round more than half the circumference of 
the cell and frequently occupying its whole length, with one or 
more pyrens. Reprod. by 4- and 2-ciliate zoosp. (p, 144), 
aplanosp., and akinetes formed by enlargement of certain cells 
frequently accompanied by gelatin isat ion of the outer portions 
of their walls. Sex. process isogamous ; zygosp. smooth, spherical. 

Seven sp. appear to be clearly recorded for this country, although 
their recognition in certain states may be a matter of difficulty. The 
best known is U. zonata (Web, et Mohr) Kiitz. (fig. 51, A and B) which 
is widely distributed all over the Brit. Isles, occurring as bright green 
masses in streams, rivers, etc., more especially in the early spring; 
cells 15-70 br., with very thick and lamellose walls. An abundant 

^ Dodel, Jahrb. Wiss. Bot. x, 1876, p. 417; Klebs, 1896, p. 300; Hazen, 
1902, p. 145; Haase, Archiv f. Hydrobiol. ii. Planktonk. v, 1910, p. 167; 
JOrstad, Nyt Mag, f. Naturvidensk. lvi, 1919, p. 61. 

* Ulothrix was established by Kutzing (Flora, xvi, 1833, p. 517) for 
U. zonata two years before Fries’ description of Hormiscia (Flora Scanica, 
1835, p. 327). Areschoug’s (Act. Roy. Soc. Sci. Upsala, s6r. 3, vi, 1866, 
No. 2, p. 12) enlargement of Hormiscia was based on erroneous conceptions, 
as he included in it species having no affinity with each other. The original 
Hormiscia of Fries only included two Algae commonly placed in Areschoug’s 
genus Urospora^ which should perhaps be regarded as a synonym of //or- 
miscia Fries. 
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Brit. sp. is U, subtilis Kiitz.^ (fig. 51, C-F), with cells as long as broad 
(4-8). The var. variabilis (Kiitz.) Kirchn. of this sp. is probably the 
most abundant member of the genus, being generally distributed in 
the stagnant waters of ponds, ditches, troughs, etc., as well as in 
cultivated soils (Bristol, 1920, p. 76); the threads may be 8-9 /x thick 
and the cells arc one and a quarter to two and a quarter times longer 



Fig. 53. A~F, Ulothrix aequalis Kiitz.; A-D, from Putney Heath, Surrey; 
E and F, from Mitcham Common, Surrey. A, filament showing escape of 
microzoospores ; B-D, germinating macrozoospores, C shows the same plants 
as B 48 hours afterwards, D is much further advanced; E, portion of fila- 
ment forming akinetes ; F shows two aplanospores which have taken 14 days 
to develop. G, U. aequalis Kutz. var. cataeniformis (Kiitz.) Rabenh., from 
near Bradford, W. Yorks, showing escape of macrozoospores. H, U. monili- 
formis Kiitz., from Wimbledon Common, Surrey; I, the same with akinetes. 
(All x500.) a, aplanospore; ak, akinete; za, macrozoospore; zi, micro- 
zoospore. 

than their diameter. U, aequalis Kiitz. (cells 12-22 br.) (fig. 58, A-F) 
and U, moniliformis Kiitz. (cells 9-14 br.) (fig. 53, H-I) are other well- 
defined sp. A striking member of the genus, hitherto only recorded 
from Staffordshire (West, 1915, p. 81), is U, spiroides G. S. West, with 
very slender filaments (cells 1 br., four and a half to eight and a half 
times as long) forming a lax spiral. 

Another Alga — Schizomeris Leibleinii Kiitz. — which G. S. West 

^ It is possible that this species should be transferred to Hormidium 
(cf. Hazen, 1902, p. 162; Heering, 1914, p. 47) in view of the form of the 
chloroplast, but the zoospores seem to be of the Ulothrix~type; it is not im- 
probable that two species are included under this name, one an UlothriXf 
the other a Hormidium. The two authorities just cited regard the var. 
variabilis as a distinct species which is referred to Ulothrix. 
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(1904, p. 70) records as having been seen only from Stone Ghyll, 
Dodd Fell, N. Yorks, should perhaps be included here. He remarks: 
“I am doubtful as to the exact determination of the Yorkshire speci- 
mens, but they reminded one very much of a large Ulothrix zonata, 
attenuated both at the apex and base, the latter being fixed to rocks 
and stones in the spray of a waterfall. Longitudinal division of the 
cells had occurred at intervals, so that the filaments often consisted 
of a double row of cells.” The writer has seen specimens from the 
Reddish Canal, Manchester, which differed from the published figures 
of 5. Leibleinii in the irregular arrangement of the cells^, but where 
uniseriate showed the same resemblance to Ulothrix zonata upon 
which West comments. Opinions differ as to the independence of 
Schizotneris^y but if Hazen’s (1902, p. 188) observations are confirmed, 
it would seem to be other than merely a state of Ulothrix. 

Ho7'midiu7n Kiitzing, 1849 pro parte; emend. Klebs, 1896^ 
{Ulothrix sect. Hormidiurti Kiitzing, 1849; SticKococcus Gay, 
1891 pro parte; Hormococcus Chodat, 1902 pro parte). Fila- 
ments terrestr. or aquat., not attenuated at the apex, usually 
without a specially differentiated attaching cell; cells cylindrical 
with truncate apices, commonly as long as or longer than broad, 
with thin walls. Chloropl. usually elliptical or circular in out- 
line, generally occupying about half the length of the cell, 
mostly with one pyren. ; in the colourless plasma at either end 
of the cell there are commonly prominent vacuoles containing 
granules of uncertain nature. Reprod. abundantly by fragmen- 
tation (esp. in the terrestr. sp.), by biciliate often (always?) 
somewhat dorsi ventral zoosp. (formed singly in the cells), 
aplanospores, and (in one sp.) slightly anisogamous gametes; 
akinetes also known. 

The exact limits of this genus are extremely doubtful and there is 
still much confusion with Ulothrix and Stichococcm (q.v.). It is 
probable that various investigators have dealt with quite different 
Algae, even in the case of the common H. flaccidum (Kfitz.) A. Br. 
(Ulothrix flaccida Kfitz.) to which the above generic description more 
particularly applies. The abundant terrestr. form of this sp. is dis- 
tinguished by its chloropl. and its peculiar zoospores which the writer 
has seen in cultures of Dr N. Carter’s and found to accord with the 
description of Klebs (loc. cit.). This Alga (fig. 52, D-F) is found 
especially on damp heavy soils; the cells are 6-14 br. and of very 
varying length, though commonly longer than broad; at times of 
drought they are often laden with small fat-bodies. Whether the 

' cf. also Fritsch and Rich, Trans. Roy. Soc. S. Africa, xi, 1924, p. 317. 

® See for instance Cienkowski, 1876, p. 558; Heering, 1914, p. 87. 

» Klebs, 1896, p. 326; Klerker, Flora, lxxxii, 1896. p. 90; Wille, Svensk 
Bot. Tidskr. vi, 1912, p. 447; Brand, Ber. Deutsch. Bot. Ges. xxxi, 1913, 
p. 66; Chodat, 1918, p. 138; Piercy, Ann. of Bot. xxxi, 1917, p. 518. 
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somewhat similar aquat. form really belongs to this sp. is doubtful. 
H, nitens Menegh. emend. Klebs, another terrestr. sp. recorded by 
Bristol from cultivated soils, is hardly distinguishable from H. flncci- 
dum except by the manner of its growth in cultures (cf. also Hazen, 
1902, p. 165). H. rivulare Kiitz., a form inhabiting flowing water, 
may or may not belong to the same genus; the threads show knee- 
shaped bends and frequent formation of rhizoid-like branches; cells 
4-1 1 br. Another rather doubtful sp. is H. dissectum Chod, (Stichococcus 
dissectus Gay) (fig. 57, C), in which fragmentation of the threads is 
very marked. West (1904, p. 80) regarded it as a possible form of 
H, flaccidum. 

Binuclearia Wittrock, 1886*. Filaments aquat., attached when 
young by a tubular outgrowth from 
the basal cell, sometimes with an ill- 
defined mucous envelope; cells cylin- 
drical with firm walls, older transv. 
septa strongly thickened and lamellose. 
so that recently divided cells appear 
arranged in pairs. Chloropl. parietal, 
occupying the middle of the cell, with- 
out a distinct pyren. ; at either end of 
the protoplast a prominent granule of 
varying size is sometimes to be en- 
countered. Reprod. by akinetes, which 
often germinate without separating 
from one another, their thick ruptured 
walls forming bands across the threads 
at intervals (fig. 52, 1) ; zoosp., which are 
imperfectly known, and aplanosp. also 
recorded. 

B, tatrnna Wittr. (figs. 52, I; 54), the 
only sp., is not uncommon at the margins 
of subalpine tarns and lakes, especially if 
boggy; cells 6-9 br. A detailed investiga- 
tion of its life-history is very much to 
be desired. A resemblance to Hetero- 
kontae has frequently been pointed out, but the chloropl. is against 
any real affinity. Fat-like substances appear to accumulate during 
assimilation; the presence of starch is doubtful. 

Uronema Lagerheim, 18872. Filaments aquat., relatively 
short, consisting of cylindrical cells with thin walls, the apical 

^ Wittrock, Bot. Notiser, 1886, p. 184; Wittrock, Bih. K. Sv. Vet.-Akad. 
Handl. xii, 1887, Afd. in. No. 1; SchrOder, Forschungsber. Biol. Stat. 
Pl6n, VI, 1898, p. 19. 

^ Lagerheim, Malpighia, i, 1887, p. 517; West and West, 1903, p. 37; 
Hodgetts, New Phytol. xvii, 1918, p. 159. 



Fig. 54. A-E, Binuclearia 
tatrana Wittr., from Lewis, 
Outer Hebrides ( x440). 
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cell acuminate, the basal one elongate and secreting an attaching 
disc. Chloropl. parietal, sometimes lobed, occupying the middle 
of the cell, with 1-3 pyrens. Reprod. by 4-ciliate zoosp. of which 
1-2 are produced in each cell; globular aplanosp. also recorded. 

Two sp. are known in Brit., but both are rare. U. confervicolum 
Lagerh. (cells 4-6 hr. ; 2-3 times as long) is recorded from the Orkneys 
and Shetlands, as well as from Esher Common, Surrey. U. elongatum 
Hodgetts, with much longer cells (4*4-9-6 br. ; 4-13 times as long) 
(fig. 52, A-B), is known from the Midlands. 

Further observations are necessary to settle whether these sp. are 
really independent forms or merely stages of JJlothrix or other 
filamentous Isokontae^ It may be that they belong to a highly 
reduced member of the Chaetophorales. 

Geminella Turpin, 1828; emend. Lagerheim, 1883^ (incl. 
Hormospora de Brebisson, 1840; Gloeotila Kiitzing, 1843; 
Planctonema Schmidle, 1903). Filaments aquat., usually free- 
floating, provided with a more or less prominent cylindrical 
mucous envelope which is hyaline and homogeneous; cells 
oblong, oblong-cylindrical, or elliptical, with broadly rounded 
extremities, rarely grouped in pairs. Chloropl. parietal, disposed 
as an equatorial band, with or without a pyren. ; cell-wall thin 
and delicate. Soon after division the transv. septa split, while 
the ends of the cells round off and often become separated by 
mucilage. Reprod. very incompletely known, by fragmentation, 
akinetes, and 2-ciliate zoosp. 

Of the six Brit. sp. the most frequent is G, mutahilis (Br6b.) Wille 
{Hormospora mutahilis Br^b.) (fig. 55, A) which occurs principally in 
bogs, especially amongst Sphagnumym which localities sp. of JJlothrix 
do not usually exist; cells 16-19 hr., IJ-lf times longer than broad, 
generally in contact. G. ordinata (W. & (i. S. West) Heering {Hormo- 
spora ordinata W. & G. S. West) (fig. 55, B) is smaller (cells 5*8 br.) 
and much rarer; here the cells are usually separated. G, interrupta 
Turp. (fig. 56, A-C), which frequently shows arrangement of the cells 
in pairs, is found rarely in stagnant pools; cells 6-5-7 br. In G. pro- 
togenita (Kiitz.) {Gloeotila protogenita Kiitz.) (fig. 55, C-E) the small 
cells (3-4-5 br.) are not so completely separated and pyrens. are 
lacking; it is a very rare sp. found in bogs and boggy pools and is 
also stated to occur on damp soil. 

The writer is altogether in agreement with G. S. West (1916 a, 
p. 287) as to the inclusion of Hormospora and Gloeotila in Geminella, 
A well-defined genus is thus obtained, about whose life-history how- 
ever very little is known. Heering (1914, p. 48) keeps Gloeotila 

^ cf. Gaidukov, Ber. Deutsch. Bot. Ges. xxi, 1908, p. 522; Hodgetts, 
loc. cit. p. 165. 

2 Lagerheim, Ofvers. K. Sv. Vet.-Ak. Fdrhandl. xl, 1883, No. 2, p. 68; 
Borzi, Studi Algologici, ii, 1895, p. 357. 
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distinct, whilst Wille (1909, p. 71) refers it to Siickococcm, but the 
occurrence of zoosp. (Borzi, loc. cit.) speaks against this. Cienkowski^ 
and others have regarded the sp. of Geminella as stages in the life- 
cycle of Ulothrix ; to prove this it would be necessary to show that sp. 
of the former, removed from their natural habitats, could be caused 
to give rise to sp. of the other genus. 



Fig. 55. A, Geminella mutabilis Fig. 56. A-C, Geminella interrupta 
(Br6b.) Wille, from near Mullion, Turp.; A and B, from near the Lizard, 
Cornwall. B, G, ordinata (W. & G. S. Cornwall ( x 440) ; C, two akinetes, 
West) Heering, from Cam Fell, W. from Glen Tummel, Perthshire (x 
Yorks. C-E, G. protogenita (Kiitz.), 850). D, Radiofilum ftavescens G. S. 
G. S. West, from Pilmoor, N. Yorks West, from Wicken Fen, Cambridge- 
(x440). shire (x 440). 


Radiofilum Schmidle, 1894^. Filaments aquat., free-floating, 
short and fragile or long and flexuous, enclosed in a cylindrical 
mucilage-sheath exhibiting a more or less distinct fibrillar 
structure; cells globose, ellipsoid, or sublenticular, free and 
distant or joined by a narrow mucilaginous bridge, always 
forming moniliform threads. Chloropl. with 1-2 pyrens. ; cell-wall 
thick, composed of two equal halves, one of which is recon- 
stituted in cell-division. Reprod, doubtful (zoosp.?). 

1 Cienkowski, 1876, p. 554. 

* Schmidle, Flora, lxxviii, 1894, p. 47; G. S. West, .Journ. of Bot., 1899, 
p. 57; Brunnthaler, Osterr. Bot. Zeitschr. lxiii, 1913, p. 1. The last-named 
suggests that Radiofilum is a filamentous Desmid, a view for which there is 
no adequate evidence (cf. also West, 1916 a, p. 287). 
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Two sp. hav^e been recorded in this country, but botli are rare. The 
type sp., jR. conjunctiimm Schniidle (incl. It. apicu latum ^V. & G. S. 
West), which has short fragile filaments of broadly ellipsoid cells 
(6 br.) with a wall distinctly composed of two pieces, is known only 
from Berkshire (Griffiths, 1922, p. 10). R. flavescens G. S. West (fig. 
56, D) is larger (cells 7-5-10-5 br.), with much longer llexiiose fila- 
ments and broad elliptical cells with yellowish-green ehloropl. 

Chodat and Topali^ have recently described an apparently closely 



allied form under the name of Interfdum 
paradoxnm, in which the chains of cells 
are occasionally branched. 

Stiehococcus Naegeli, 1849^ {Hor mo- 
coccus Chodat, i902 pro parte). Fila- 
ments terrestr., very short, readily 
fragmenting, often into the individual 
cells; cells cylindrical with rounded 
ends and thin walls. Chloropl. fre- 
quently not occupying more than half 
the cell- wall, devoid of a pyren. 
Reprod. as far as known solely by 
fragmentation. 

Much confusion exists with reference 
to the terrestrial members of Ulotri- 
chaceae. Apart from the sp. of Ulothrix 
found in the subterranean soil-community 
(Bristol, 1920, p. 76), there appear to be 
two well-marked sets of forms; in one 
the filamentous tendency is strong, the 


chloropl. are well-defined and have 
pyrens., and reprod. by zoosp. is known 
{Hormidhm, p. 154); in the other the 
filamentous tendency is weak, the 


Fig . 57 . A , Stichococcus baciU 
laris Naeg., from Saltaire, W. 
Yorks. B, form of Hormidium 
flaccidum (Kiitz.) A. Br. (?), 
from Barnes Common, Sur- 


chloropl. are not so well-defined and rey^. C, //. dissecium Chod., 


devoid of pyrens., and fragmentation is 
the only method of reprod. known 
(Stichococcus) (cf. however Hazen, 1902, 
p. 159). 


from damp walls, London. D, 
Stichococcus variabilis W. & 
G. S. West, from Bradford, 
W. Yorks ( X 440). 


Stichococcus hacillaris Naeg. (fig. 57, A) is abundant on damp earth, 
walls, palings, etc.; cells 2*7-3-8 br. S. variabilis W. & G. S. West 
(fig. 57, D) forms a thin green stratum on wet stones in the neighbour- 


1 Chodat, 1922, p. 66. 

^ Naegeli, 1849, p. 76; Gay, 1891, p. 77; Brand, Ber. Deutsch. Bot. Ges. 
XXXI, 1913, p. 64; Chodat, 1913, p. 144. 

® This figure shows what West (1904, p. 79) calls fragmentation of the 
chloroplast, but it may be doubted whether t really belongs to any of the 
Algae here considered. 
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hood of waterfalls ; the cells (3-6 hr.) are very irregular in form and the 
chloropl. often devoid of a pyren,, though sometimes with two accord- 
ing to West. S. scopulinus Hazen, recorded from wet stones in 
Warwickshire (West, 1911, p. 84), is probably a sp. of IJormiditim^, 

Family 2. CYLINDROC APSACE AE 

This family comprises solely the genus 

Cylindrocapsa Reinsch, 1867^. Filaments unbranched, aquat,, 




Fig. 58. A-D, Cylindrocapsa involuta Reinsch (after Cienkowski, x480). 
a, antheridium; an, spermatozoid ; oo, oogonium. B shows the oogonium 
at the time of fertilisation, C an oogonium with a ripe oospore. E and F, 
C. conferia West, from Bowness, Westmorland ( x 520). 

^ cf. Chodat, 1913, p. 145. Heering (1914, p. 48) refers it to Gloeotila, with 
which there does not appear to be much resemblance. 

2 Cienkowski, 1876, p. 560; W. West, Journ. Roy. Microscop. Soc., 1892, 
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often enclosed within a thick close-fitting lamellose sheath; 
cells of young filaments disposed in a single series, but in older 
threads, as a result of longit. and oblique div., irregularly arranged, 
each with a stratified gelatinous wall; cells subrectangular, 
ellipsoid, or subtriangular in shape and sometimes placed in pairs 
at intervals along the filament. Chloropl. parietal, massive and 
often ill-defined, with a single pyren. Reprod. by (a) detachment 
of single cells or groups of cells which grow out to form new 
threads; (b) spherical or ovoid 2-ciliate zoosp. (with a red pig- 
ment-spot and two contr. vacs.), one, two, or four of which are 
formed from a cell; and (c) an oogamous sex. process. Antheridia 
produced by active div. of certain cells and arranged in one, 
two, or four longit. series within the sheath (fig. 58, A, a) ; each 
antheridium gives rise to two sperms of a form similar to that 
of the zoosp., but brownish-red in colour and with two short 
cilia (fig. 58, D). Oogonia originating by enlargement of the 
vegetative cells and forming swollen spherical or ovoid structures, 
with a thick stratified wall opening by a lateral pore (fig. 58, 
B and C); ovum single and spherical. Oospore not filling the 
oogonium, with a thick wall and brick-red contents (fig. 58, C). 

Three sp. are recorded for the Brit. Isles, but all are rare. C. in- 
voluta Reinsch (fig. 58, A-D), the only sp. of which the sex. reprod. 
has been worked out, is known from Ireland; cells spherical or 
elliptical, 23~30 br. C. conferta West (fig. 58, E-F), with subrect- 
angular or flattened cells (21-26 br.), is recorded from the English 
Lake District, whilst C. geminella Wolle var. minor Hansg., with 
narrower and longer cells (12-15 br.), has been found in various parts 
of the Midlands. 


Family 3. ULVACEAE 

This is essentially a marine family, with a few freshwater 
representatives, distinguished by the production of a par- 
enchymatous thallus^as a result of th e division of the cells in 
ngofe-tlmnjQii e directio iL. The planb^ioHy consists of Hat ribbons 
or plates or more rarely it is vesicular or intestiniform. The cells 
are arranged to form one {Enteromorpha^ Monostroma) or two 
layers (Ulva), are generally closely aggregated, and placed with 
their long axes at right angles to the surface (fig. 59, D). Tli^jire 
uivinucleat^anicpntain a single parietal chloropl8L§t*_qften with, 
deep lylncised or lobe3lmar fflhs ah? mcni dmg"a single pyrenouL 
^egrodiietiuii ig^iovm^^tg^^Ske qflac^ la) b^ pudding off ofsTnall 
paftT ^ the thallus. (b) by zoospore^ whidTin^ Uto T^ ^ 
in Monostroma 2-^ciliat^ ^^Iaj^ conjugation 

proHu^dTrpi^^cprffig* 59, The r¥fiuHThg 4-cili ate zygota ^ 
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soon loses its cilia and gives rise to a spherical zygospore, which 
sometimes germinates immediately. 

In Ulva and Enteromorpha both zoospores and zygospores 
give rise to a short thread, the cells of which soon exhibit 
longitudinal division, so that a flat expanse results which gradu- 
ally becomes 2-layered. The hollow thalli of Enteromorpha 



Fig. 59. A-K, Monostroma membrana^eum W. & G. S. West, from Mitcham 
Common, Surrey. A, nat. size; B and C, portions of thallus; D, section of 
thallus; E, cells with escaping gametes ( x 566). F-J, fusion of gametes 
(F~H, x566; I and J, x790). K, young plant developed from zygospore 
( X 566). L, Enteromorpha iniestinalis (L.) Link, from Frizinghall, W. Yorks 
(nat. size). 


(fig. 59, L) are produced by subsequent separation of the two 
layers. In Monostroma there appears often to be no filamentous 
stage, the zygospore, according to Reinke^, dividing into eight 
peripherally arranged cells enclosing a central cavity ; by gradual 
enlargement a vesicular thallus is produced which mostly 
opens out later to form a flat expanse. Chodat^ gives a rather 
different account for M, hullosum (Roth) Wittr, The young 

^ Reinke, Jahrb. Wiss, Bot. xi, 1878, p. 583. 

* Chodat, Bull. Soc. Bot. de France, xli, 1894, p. cxxxiv; Chodat, 1902, 
p. 2.55. 
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thalli are usually attached to some substratum by rhizoids, 
which in older plants often form compact attaching discs. 

Monostroma Thuret, 1854^. Thallus in the adult plant always 
a thin membranous plate, but in the young state it may be 
vesicular and attached to water-plants, opening out as it grows 
and gradually becoming free-floating; cells rounded or more or 
less angular, often in groups of four, in a single layer. Reprod. 
by budding off of small flat portions from the surface of the 
thallus, by zoosp. with two or four cilia, and by 2-ciliate gametes. 

Only two sp. of this genus inhabit fresh waters in Gt Britain and 
neither is at all common. M. bullosnm (Roth) Wittr. has rounded 
cells (6-12 br.), arranged in T-shaped groups of fours and with their 
greatest length parallel to the surface of the thallus, whilst in M. mem- 
branaceum W. & G. S. West (fig. 59, A-K) the cells (8"20 br.) are 
much more compact, angular, and elongated at right angles to the 
surface. 

Enterornorpha Link, 1820^. Thallus elongated, not expanded, 
usually tubular and intestiniform, sometimes reaching a con- 
siderable length and often branched, gi*een, yellowish-green, or 
pale olive-green in colour; cells rounded or polygonal, in a single 
layer. Reprod. imperfectly known, but 4-ciliate zoosp. and 
2-ciliate gametes have been recorded in a few cases. 

The only common Brit, freshw. sp. is intestinalis (L.) Link 
(fig. 59, L), an Alga which also occurs in brackish water and in the sea. 
It is widely distributed in the large drains and dykes in the East of 
England, and also occurs frequently in canals, rivers, and ponds in 
other parts of the country. E, percursa (Ag.) J. Ag., recorded from 
brackish water in the Midlands (Grove, 1920, p. 33), is a sp. in which 
the thallus forms a compact filament composed of 1-4 rows of cells. 

Sp. of Enterornorpha and Ulva are often abundant in estuaries, 
where there is some pollution from sewage. 

Family 4. MICROSPOR ACE AE 

The only genus is 

MicrpsporaThuret, 1850; emend. Lagerheim, 1888^. Filaments 
uribranched, probably often free-floating from the first, composed 
of cylindrical or slightly swollen cells with celltrlOSe wa^s which 
are sometimes thin, but more usually somewhat tbickene^^ 
stratifi^dLi*^-Sf>iJ^^ (but by no means in all) sp. the walls are 
evidently composed^ of two ovcriappmg halves (fig. 60, F), so 

^ Wittrock, Fftrsdk till en Monogr. Ofver'al^lagtet Monostroma, Upsala, 
1866; Reinke, loc. cit.; Chodat, loc. cit.; West and West, 1908, p. 36. 

* Areschoug, Bot. Notiser, 1876, p. 129, 

• Lagerheim, Flora, lxxii, 1889, p. 182; Hazen, 1902, p. 167; Meyer, 
Ber. Deutsch. Bot. Ges. xxxi, 1918, p. 441 ; West, 1916 a, p. 288. 
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that the threads dissociate into pieces m 

opHca T^sectTim ' CtirCTr^^ piece eonsistinj^ of a 

se^um and portions of f the two ‘adjacent 

!^6ll5 .'’‘’Cellj; Wltli^lTsIngfe, often large central nucleus and a 
reticulate chloropT. (fTg. 60, E) spread over the whole iniuT 
'surEce ot the wall and tluckened at certain points to foiMU, 
^trefaLjcit^lhpns (fig. 52, G) ; pyrens. are a bsent, but tliere are 
^ften small stareh-grains^, Rgprod. ty [a) ovoid or subellipsoid 
'2-ciiiatc /oosn. ( 1 ( iliate /o^oSpriHsb' recorcled), with two contr. 



Fig. 60. PkfMicrospora arnoena {Kxxtz.) Lagerh., from near Senens, Cornwall. 
B and C, ? M. abbremata (Rabenh.) Lagerh.; B from Tremethick IVIoor and 
C from St .lust, Cornwall. D, M. pachyderyna (Wille) Lagerh., from near 
Land's End, Cornwall. E and F, forms of M. anwena (Kiitz.) Lagerh.; 
E, from Shipley, W. Yorks, to show the chloroplast; F, from New Forest, 
Hants, a, aplanospores. (All x 520.) E is M. atmena var. cr«.vv/or Hansg. 

^acs. at the anterior end^^,.fciTOe4.4 

^mber of 2, or 16 per cell(ngr52, C); (b) spl^erica J 

aplanosp. which de velop a th in o r thicl^ wall ^ai^ are usually 
“'produced singly “(Rg. 60, C); and '(c) thick- walled'^^square or 
recTanguIar akine|^e^ gone^Uy.. chains. Sex . 

In the germination of the zoosp. or aplanosp, the first div'. is 
of the ndrmar type, the smaller of the two resulting cells playing 
g o furthe r part in the development of the thread and probably 
corresponding to an attaching cell, even when not functional. 
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IZkJfchasfiu-sp. (e.g. M, amgen a (fig. 52, H)) which pos sess an 
H -sh^ed, §ij:]yijCtur^ f his Isdeveloped already ^ Ih^ s^ddnd diVT 
by'transv. rupture of andintercalation of a cylindrical 

strip of membrane from the middle of which a septum gradually 
grows across the ceM-cavity. In other cases {e.grM, st^gnorum) 
normal transv. div. appears to occur throughout the life of the 
filament (cf. West, 1916 a, fig. 185, H-J). 

Sp. of this genus are widely distributed in the Brit. Isles, usually 
favouring stagnant pools ; they are cold water forms found especially 
in the winter months. Of the six that have been recorded, M. floccosa 
(Vauch.) Thur. (cells 14-18 br.) and ikf. amoena (Kiitz.) Lagerh. 
(cells 20-25 br.) (fig. 60, A, E, and F) are the most abundant and often 
occur in small ponds and horse-troughs; in the latter the H -shaped 
structure is usually very clear, less so in the former. In M. stagnorum 
(Kiitz.) Lagerh. (cells 5-9*5 br.) the filaments always break at the 
transv. walls and the chloropl. does not generally occupy the whole 
cell. Rarer sp. are M. abbreviata (Rabenh.) Lagerh. (cells 5-11 br.) 
(? fig. 60, B and C) and M. pachyd^ma (Wille) Lagerh. (cells 9-12 br.) 
(fig. 60, D), the latter with specially thick walls. M, amoena has been 
commonly recorded in the plankton (West and West, 1905, p. 497). 


Series II. PRASIOLALES 
Family PRASIOLACEAE 

The only genus is 

Prasiola Agardh, 1821^ (inch Schizogonium Kiitzing, 1843 2; 
Hormidium Kiitzing, 1843 pro parte). Thallus commonly terrestr., 
either simple filaments^ composed of flat cells or irregular leafy 
expansions consisting of one (rarely two) layers of quadrate or 
polygonal cells, with their long axes at right angles to the surface 
and more or less distinctly arranged in groups of four; attaching 
rhizoids may or may not be produced from the cells at the edge 
of the thallus. Cell-walls strong, rigid, and hyaline, thick and 
confluent in the expanded thalli; chloropl. axile, stellate, with 
one pyren.; obvious vacuoles usually lacking; one nucleus. 
Motile reprod. elements unknown. Reprod. takes place in the 
filamentous (so-called Hormidium-) stage by fragmentation, 
usually brought about by the dying off of isolated cells, which 

^ Imh&user, Flora, lxxii, 1889, p. 238; Gay, 1891, p. 80; Lagerheim, 
Ber. Deutsch. Bot. Ges. x, 1892, p. 366; Wille, Vidensk. Selsk. Skrift., 
Christiania, 1900, No. 6, p. 18; Brand, Hedwigia, uv, 1914, p. 295. 

* All authorities now appear to be agreed in placing this as a synonym of 
Prasiola, 

* Brand (loc. cit. p. 308) and Hodgetts (New Phytol. xix, 1920, p. 260) 
have recorded branching of the filaments. 
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appear at first as deep green biconcave cells with homogeneous 
contents; in the leafy thalli budding often occurs from the 
margins, leading to the detachment of single cells, short threads, 
or small expanses. Thick- walled akinetes are also formed, which 
can grow directly into new plants or on germination give rise 
to a number of aplanosp. from which the new plants are pro- 
duced. The Hormidium-stsige represents the juvenile condition 
from which the leafy expanses are sooner or later formed; under 
certain conditions (e.g. shade), however, the filamentous stage 
may persist indefinitely. 

In a variety of P. mexicana J. Ag., Lagerheim (loc. cit.) 
described a formation of “tetraspores’’ produced by a vertical 



Fig. 61. A-C, Prasiola crispa forma muralis from Bradford, W. Yorks 
( x500). D-G, P. crispa (Lightf.j Menegh.; D, from Bradford, W. Yorks 
(nat. size); E, simple filament, irom Helvellyn, Cumberland; F, portion 
of irregular filament from Wimbledon Common, Surrey ( x500); G, basal 
portion of broader thallus, from Bradford, W. Yorks ( x4<)0). 

and a horizontal division in somewhat enlarged and rounded 
cells; the further fate of these spores was not observed and a 
similar method of reprod. has not so far been recorded in other 
sp. Lagerheim ’s observation, together with the considerable 
similarity in vegetative construction, has led some to believe in 
an affinity between Prasiolaceae and- Bangiales (cf. p. 421); 
there are however considerable differences. 

Sp. of this genus occur on moist earth, rocks, stones, old walls, 
trunks of trees, etc. A very wide-spread Alga is P. crispa (Lightf.) 
Menegh. (which includes Hormidium murale Kiitz. ; Schizogonium 
crispum (L.) Gay; and Uloihrix radicans Kiitz.) (fig. 61, D-G); its 
forma muralis (Kiitz.) G. S. West (inch Prasiola parietina (Vauch.) 
Wille ; Schizogonium murale Kiitz. ; Hormidium parietinum Kiitz.) 
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(fig. 61, A-C) is likewise abundant; in the former the eells are 7-14 br. 
and in the latter 9-18 br. These two forms are found all over the 
Brit. Isles, having a decided preference for the neighbourhood of 
towns, where they are found frecjuently under walls and as a green 
carpet between the paving stones of quiet streets. They require little 
moisture and can withstand considerable desiccation^. Associated 
with them are usually numerous Rotifer vulgaris and testaceous 
Rhizopods, such as Trinema acinus. Letts ^ has shown that specimens 
of P. crispa growing on contact beds may contain as much as 8-94 per 
cent, of nitrogen in the dried material. This accords with the abundant 
occurrence of sp. of Prasiola at points where there is a plentiful 
supply of nitrogenous food, e.g. the Penguin rookeries of the Ant- 
arctic®. 

Series III. CLADOPHOR ALES 
FAMII.Y CLADOPIIORACEAE 

The members of this family are widely distributed aquatic 
forms in which the filaments are commonly richly branched 
(exceptions: Chaetoniorpha, Rhizocloniuni) and composed of 
large, often elongate cells, mostly containing a considerable 
number of small nuclei which are stated to be embedded in the 
chloroplast. The latter is a somewhat diffuse parietal film, usually 
more or less perforated or reticulated and often with irregular 
strands projecting into the celLcavity^; there are numerous 
scattered pyrenoids. According to earlier accounts the chloro- 
plast sometimes breaks up in the older cells into a number of 
pieces, some with and some without pyrenoids, but it is un- 
certain whether this is correct. Very little, if any, mucilage is 
secreted by these Algae and they always have a rough and crisp 
feeling, while the absence of a mucous coat causes them to be 
frequently loaded with epiphytes (e.g. the Diatoms Gornphonema 
and Cocconeis), The growth of the thallus is effected by elonga- 
tion and transverse division of the apical cells in Cladophora and 
Pithophora, but is intercalary in rhe other genera. A basal 
attaching cell is generally well developed, especially in the 
species growing in running water. Reproduction is effected by 
means of akinetes, 4-ciliate (and 2-ciliate?) zoospores, and by 
means of isogamous biciliate gametes. The zygospores in some 
cases germinate immediately. The ordinary cells function as 
sporangia and gametangia, producing large numbers of swarmers 
which escape by a lateral aperture. 

^ Fritsch, 1922, p. 1 et seq. 

® Journ. Roy. Sanitary Inst, xxxiv, 1913, p. 465. 

® PleuTococcus vulgaris Menegh. (non Naegeli) is a member of Prasiolaceae 
and possibly a form of Prasiola (cf. p. 211). 

* Carter, Ann. of Bot. xxxiii, 1919, p. 467. 
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Chaetomorpha Kiitzing, 1845 ^ Filaments unbranched, attached 
at the base, of more or less uniform thickness, the lower cells 
being shorter than the upper ones. Cells broad, often slightly 
swollen, with thick firm and obviously lamellose walls. Reprod. 
by akinetes, differing but little from the ordinary vegetative 
cells, 4-ciliate zoosp., and 2-ciliate isogametes. 




Fi<r. 03. Ay" Rhizoclonium hieroglyphicum 
Kiitz., single cell showing chloroplast and 
pyrenoids, from Sheep’s Green, Cambridge 
Fig. 62. Chaetomorpha Linurn(Mu\\.) ( x 500). B-E, R. hieroglyphicum Kiitz. var. 
Kiitz., from Heaton, W. Yorks iortuomm (Kiitz.) Stockm., from Heaton, 
( X 100). W. Yorks; B and C, x 100; D and E, x 500. 


Most of the sp, are marine or frequent brackish water, but C. Linum 
(O. F. Miill.) Kiitz. (C. sutoria Rabenh.) (fig. 62) is sometimes found in 
wells and horse-troughs, or in streams; filaments 100-120 br. Heering 
(1921, p. 16) regards this sp. as a form of C. aerea Kiitz. 

Rhiz ocloniuni. Kiitzing, 18432. Filaments usually relatively 
narrow, with elongate cylindrical cells, at first attached by a 
branched basal hapteron; filaments frequently with short, 
slightly attenuated branches (often arising where the main 
thread is bent), sometimes merely unicell., but more commonly 

^ Lagerheim, Ber. Deutsch. Bot. Ges. v, 1887, p^ 195. 

2 Gay, 1891, p. 23; Gay, Journ. de Bot. v, 1891, p. 53; Wille, Vidensk. 
Selsk. Skrift., Christiania, Mat.-nat. Kl., 1900, No. 6, p. 84; Brand, Bot. 
Centralbl. lxxiv, 1898, p. 193; Stockmayer, Verhandl. Zool.-Bot. Ges., 
Wien, XL, 1890, p. 571; Peterschilka, loc. cit.; Heering, 1921, p. 19. 
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consisting of several cells. Cell-walls firm, lamellose, and some- 
times thick; cells often contain but few nuclei, occasionally only 
one. In autumn the cells are commonly packed with starch and 
enter upon a kind of resting-stage; by subsequent fragmentation 
multiplication may be effected. 2-ciliate zoosp. also recorded. 

Stockmayer has given a good systematic account of this genus, the 
sp. of which are marine, brackish, freshwater, or may even occur on 
damp soil. The only Brit, freshw. sp. is R. hieroglyphicum Kiitz. 
emend. Stockm. {Conferva fontinalis Berk.; Microspora fontinalis 
De Toni) (fig. 63, A), whose filaments are 10-37 br. ; the cells 2-5 times 
as long. The common form of this sp. possesses no branches whatever 
and occurs abundantly as a perennial in ponds, ditches, drains, 
streams, and cataracts all over the country, thriving well in water in 
which considerable putrefaction is taking place. Widely distributed 
vars. are: var. torhwsum (Kiitz.) Stockm. (fig. 63, B-E) with cells 
26-40 br. ; and var. riparium (Harv.) Stockm. with threads which are 
frequently bent and composed of cells (14-32 br.) with thick walls. 

Cladophora Kiitzing, 1843^ (inch Aegagropila Klitzing, 1849). 
Filaments typically richly branched, the type of branching 
varying in different sp. and its extent depending on the season 
and the condition of the plant. Branches nearly always arising 
from the upper end of a cell, just beneath a septum, and at first 
placed more or less at right angles to the parent-cell; sooner or 
later, however, by surface-growth of the latter, the branch 
becomes upwardly displaced (so-called “evection”) and sub- 
sequently lies on the same level as the continuation of the main 
axis, so that an appearance of dichotomy or trichotomy results ; 
fusion of branches at the base is also not uncommon. Cells 
elongate, 6~12 (or even up to 20) times as long as wide, with 
thick and distinctly stratified walls in which an inner and an 
outer zone and a superficial lamella (separated by treatment with 
acetic acid) are distinguishable. Growth in length of the different 
branches is practically restricted to the apical cell which, when 
it has reached a certain size, undergoes div. into two by the 
gradual ingrowth of a septum originating only from the inner 
layers of the longit. walls. Especially in the neighbourhood of 
the septa the inner lamellae of the wall are prominently folded, 
whereby joints are created contributing to the flexibility of the 
otherwise rather rigid threads. Basal attaching cell generally 
well developed, often aided in older plants by rhizoids which 

^ Berthold, 1878, p. 182; Gay, 1891, p. 14; Brand, Bot. Centralbl. lxxix, 
1899, p. 145; ibid., Beihefte, x, 1901, p. 481; Beihefte, xviii, 1904, p. 165; 
Hedwigia, xlv, 1906, p. 241; Ber. Deutsch. Bot. Ges. xxiv, 1906, p. 64; 
ibid. XXVI, 1908, p. 114; ibid, xxvii, 1909, p. 292; Hedwigia, xlviii, 1909, 
p. 45; Nordhausen, Jahrb. Wiss. Bot. xxxv, 1900, p. 866. 
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originate from the cells above and sometimes grow downwards 
through the lamellae of the wall. Reprod. is effected by akinetes, 
2- or 4-ciliate zoosp., and by 2-ciliate gametes; the reprod. 



elements are mainly formed in the cells of the finer branches. 
The zygosp. germinates immediately. 

Most of the sp. are marine, but a number occur commonly in fresh- 
water. They are not easily distinguished from one another, except 
when typically developed. Brand, who devoted much time to a study 
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of the freshwater forms of Cladophorciy reco^rnises in the main three sp. 
C, glomerata (L.) Kiitz. ampl. Brand (fig. f>4) is a common form occur- 
ring as dark green masses attached to rocks and stones in streams and 
waterfalls; the main thread is anchored by a well-developed hapteron, 
the branching is dense with the finer branches often in tufts, apparent 
dichotomy is frequent, and the branches are often fused at the base. 
C. crispata (Roth) Kiitz. ampl. Brand is another common sp., usually 
occurring attached to stones; it is distinguished from C. glomerata 
by the long, little ramified ultimate branches, the scjircity of apparent 
dichotomy, and the occurrence of basal fusions only in the oldest 
parts of the plant. (\ fracta Kiitz. ampl. Brand is a free-floating sp., 
of fre(|uent occurrence in ponds and ditches, in which the process of 
cvection, by contrast with the other two, takes place slowly and 
apparent dichotomy (or trichotomy) is only seen in the older parts 
of the plant. Of these different sp. Brand distinguishes a large number 
of diverse forms and states (status hiemalis, status ramosus, status 
simplieior, etc.), all of which he has clearly described b 

In a number of sp. of Cladophora placed in the section Aegagropila 
(regarded by some as a separate genus) the plants grow in dense com- 
munities, forming compact cushions attached to sonie substratum or 
sometimes free-floating hollow balls which may become as big as a 
human head 2 . The plants are richly branched, are in the main placed 
at right angles to the surface of the ctishion or ball, and the innermost 
})arts gradually die, whereby the branches become separate, although 
they remain bound together by means of interweaving rhizoids. Such 
growths 'are mainly found on the floor of relatively shallow lakes. 
Two sp. of this section, viz. C, holsatica. Kiitz. and C. Sauteri (Nees) 
Kiitz. are known from the English lakes, while the latter is also 
recorded from Hickling Broad ; Acton^ has recently given an account 
of the ‘'balls” of the former. Xo swarmers have been observed in 
the sj). of Aegagropila which appear to multiply l\y vegetative means 
only. 

Pithophora Wittiock, 1877^. Richly branched filaments with 
the habit of & Clndophoray from which the genus may be distin- 
guished by the usually much thinner walls and the origin of the 
branches a little way below a septum (a condition only found 
rarely in Cladophora); the plants are attached by well-developed 
basal haptera. Reprod. is effected by characteristic akinetes; 
in their formation the greater jmrt of the protoplast contracts 

1 Brand’s results are well summarised in Heering, 1921, p. 26 et seq. 

2 cf. Brand, Hedwigia, xli, 1902, p. 34 and xlv, 1906, p. 247; Wesenberg- 
Lund, Overs. K. Dansk. Vidensk. Selsk, Forhandl., 1903, No. 2, p. 167. 

® .Acton, New Phytol, xv, 1916, p. 1. 

* Wittrock, Nov. Act. Reg. Soc. Sc., Upsala, ser. 3, 1877; Rendle and 
W. West jun., Journ. of Bot., 1899, p. 289; Moebius, Ber. Deutsch. Bot. 
Ges. XIII, 1895, p. 356; Ernst, Ann. Jard. Bot. Buitenzorg, 2 s6r. vii, 1908, 

p. 18. 
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towards one end (usually the upper) of the cell, becomes cut off 
from the rest by a septum, and subsequently produces a thick 
wall; the akinetes are either intercalary and cask-shaped, or 



Fig. 65. Pithophora Oedogonia Wittr. var. polyspora Rendle and West, 
from the Reddish Canal, near Manchester. A, x65; B-D, fragments of 
thallus with akinetes (os), x 100. 

terminal and ovoid or fusiform, and are sometimes formed in 
twos or threes. After a short period of rest they develop in 
opposite directions from the two extremities. 
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This striking genus is no doubt really tropical in its distribution, 
both the English records being introductions. P. Oedogonia (Mont.) 
Wittr. var. polyspora Rendle and West (fig. 65) is found in the 
Reddish Canal near Manchester. P. Kewensis Wittr. occurred in a 
tank in the Water-Lily House, Kew Gardens, being probably intro- 
duced from tropical S. America. 

Chaetonella Schmidle, 1901^. Plants small, branched, almost 
microscopic, either free-floating or attached to the mucous coat 



Fig. 60. A, C/ia^toneWa Schmidle (after Schmidle). B-E, Sphaeroplea 

annulina (Roth) Ag.; B, portion of cell with oospores, and C, portion of 
vegetative cell (after G. S. West, x350); D, young filament formed from 
a zoospore (after Cohn, x 225) ; E, portion of oogonium showing ova and 
spermatozoids (after Cohn, x350). n, nucleus; p, pyrenoid. 


of larger Algae; branches attenuated, the terminal cells longer 
than the others. Cells cylindrical, or more or less irregular, each 
with 2-5 nuclei and a parietal chloropl. without pyrens. Reprod. 
by zoosp. (?) formed in some numbers in the middle cells of the 
threads. 


The only sp., C. Goetzei Schmidle (fig. 66, A), is known from Tropical 
Africa and W. Yorks, where it was found epiphytic on Spirogyra 
(West and West, 1908, p. 88); cells 6-8 br. It is possible that this is 
really a member of the Chaetophorales. 

^ Schmidle, Engler Bot. Jahrb. xxx, 1901, p. 253. 
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Series IV. SPHAEROPLEALES 

This includes only the family Sphaeropleaceae with the 
single genus 

Sphaeroplea Agardh, 1824^. Filaments cylindrical, unbranched, 
free-floating, composed of a row of cylindrical coenocytes which 
reach an extraordinary length as compared with their breadth 
and are separated by transv. walls, often of great thickness and 
occasionally incomplete. Each segment contains a considerable 
number of small nuclei and several parietal annular chloropl.^, 
each with several pyrens. (fig. 66, C). 

Reprod. is effected by fragmentation and by an oogamous 
sexual process, the filaments being monoecious or dioecious, 
and the ordinary segments acting as oogonia or antheridia 
without change of shape ; numerous ova and still more numerous 
spermatozoids are produced. Ova spherical, green, with a con- 
spicuous receptive spot (fig. 66, E); sperms small, spindle- 
shaped, 2-ciliate, red-coloured. Small apertures are formed in 
the walls of the gametangia for the escape of the sperms and the 
fertilisation of the ova (fig. 66, E). Oospores remaining enclosed 
within the oogonia, with a thick verrucose wall and bright red 
contents (fig. 66, B). On germination they liberate 2-8 biciliate 
oval zoosp., which come to rest without seeking a substratum, 
so that the filaments to which they give rise are free-floating 
from the first. The young threads are fusiform with each extremity 
attenuated to a very fine point (fig. 66, D). An asex. method 
of propagation by zoosp. is highly probable, but is as yet 
unrecorded. 

S. annulina (Roth) Ag. occurs extensively on inundated portions 
of the plains of Europe, Asia, and America, and is sometimes found 
in pits or quarries. Apart from its occasional occurrence in tanks in 
Kew Gardens (cf. Fritsch, 1906, p. 198), where it is probably intro- 
duced with various aquat. plants, it has been found by Prof. Lloyd 
Williams in pools between sand-hills at Morfa Bychan, S. Carnarvon- 
shire; filaments 36-72 br.; segments up to 90 times as long (fig. 66, 
B-E). A second sp. has recently become known from S. Africa. 

1 Cohn, Ann. Sci. Nat., Bot., 4 s^r. v, 1856, p. 187; Heinricher, Ber. 
Deutsch. Bot. Ges. i, 1883, p. 433; Klebahn, Festschr. f. Schwendener, 
Berlin, 1899, p. 81 ; Fritsch, 1918, p. 524. 

* Earlier accounts have spoken of numerous discoid chloroplasts, some 
with and some without pyrenoids and densely arranged to form transverse 
bands. Stained preparations of Dr Nellie Carter's, which she has kindly 
permitted me to examine, however show that each annular band constitutes 
a single chloroplast. 



174 


CLASS I. ISOKONTAE 


GROUP 4. CHAETOPHORALES 

There is a fundamental difference between the organisation 
of the Chaetophorales and that of the Ulotrichales, plain enough 
in the more typical representatives of the three families Chaeto- 
phoraceae, Trentepohliaceae, and Coleochaetaceae, but obscured 
or almost unrecognisable in the numerous specialised forms that 
belong to this group. This outstanding characteristic lies in the 
differentiation of the vegetative body into a prostrate system 
of branching threads attached to some substratum and a pro- 
jecting system likewise composed of branching filaments^. The 
two parts of the thallus are easily distinguished in many species 
of Stigeoclonium (fig. 2, H, p. 29), Gongrosira (fig. 78, F), 
Trentepohlia, and Coleochaete, whilst a reduction of the projecting 
system has given rise to a whole host of prostrate and discoid 
types. In the Ulotrichales, on the other hand, no such differentia- 
tion exists and prostrate types are unknown. In other respects 
also the Chaetophorales betray a high development, as for 
instance in the elaborate threads of Draparnaldia (fig. 70), the 
advanced oogamy accompanied by a kind of “fruit” formation 
in Coleochaete (fig. 68), the high degree of adaptation of the 
Trentepohlias to a terrestrial existence, etc. In no other group 
of the Isokontae do we find such a diversity of growth-forms. 
It is not impossible that the Chaetophorales represent the 
present-day descendants of forms from which the higher land- 
plants arose in the remote past (Fritseh, loc. cit.). 

The principal characteristic of the Chaetophorales is not 
implied in the name which refers to the formation of “hairs.” 
It is well to realise, however, that in the European Trentepohlia- 
ceae hairs are altogether lacking, and that under this name are 
comprised at least two perfectly distinct kinds of structures. In 
the Chaetophoraceae the hairs are single cells or rows of cells 
with scanty colourless contents (figs. 75, 76), whereas in the 
Coleochaetaceae (fig. 68, A) and Chaetopeltidaceae (figs. 84, 85) 
they are outgrowths of the wall (bristles or setae) They are 
therefore not a distinctive feature of the group, and one may well 
be going astray in including certain simple seta-bearing -forms 
(Chaetopeltidaceae) in the same group with the others (cf. p. 181). 
It is however impossible to gauge how far the process of reduction 
has gone within the Chaetophorales. 

An affinity of the less specialised types with the Ulotrichaceae 
is plainly recognisable, both in the cell-structure and in the 

^ Fritseh, New Phytol. xv, 1916, p. 285 et seq. 

* cf. Huber, Journ. de Bot. vi, 1892, p. 321. 
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reproductive processes. The filamentous Chaetophorales are 
however practically always branched. The central type is 
constituted by Stigeoclonium (Myxonema)^ in many “species” 
of which both prostrate and projecting systems are well developed 
(fig. 2, H). Each cell, except those forming the hairs, contains 
a single parietal plate-shaped chloroplast with one or more 
pyrenoids. 

In Draparnaldia the prostrate system may be altogether 
absent, but the projecting part is strikingly differentiated into 
long and short branches (fig. 70, A). The former consist of large, 
slightly barrel-shaped cells with a small chloroplast, having 
deeply incised edges and often forming merely an equatorial 
girdle in the otherwise colourless cell (fig. 70, B). The short 
branches arise in dense, frequently more or less whorled tufts, 
are richly branched and composed of short cells occupied by a 
large generally entire chloroplast similar to that of Stigeoclonium, 
The development of reproductive cells, and no doubt also the 
main assimilatory activity, are restricted to the short branches, 
the long ones being chiefly supporting in function (Berthold, 
1878, p. 202). In no other Green Alga is there such a marked 
division of labour. 

Both in Stigeoclonium and Draparnaldia the threads are 
usually embedded in thin mucilage, but in Chaetophora they -are 
held together within a compact mucilage-envelope to form more 
or less globular or branched foliaceous masses. These (fig. 71, 
A and C) are readily visible to the naked eye, whilst the individual 
filaments are only discernible under the microscope. The pro- 
jecting threads, which arise from a prostrate system composed 
of often almost separate rounded cells, branch more or less 
abundantly towards their tips. In all three genera, which appear 
closely allied, the apices of the branches are either pointed or 
drawn out into more or less long hairs, and in many cases at 
least the type of apex developed seems to depend on outside 
conditions. 

In these three genera (often grouped as Chaetophoreae) a 
great diversity of swarmers has been observed, viz. (a) macro- 
zoospores with four cilia in all three genera (figs. 69, B, D ; 70, C), 
ip) microzoospores with four cilia in Stigeoclonium and Drapar- 
naldia, (c) gametes with four cilia in the same two genera, and 
(d) gametes with two cilia in Stigeoclonium (fig. 69, C) and 
Chaetophora, Draparnaldia thus only produces tetrakontan 
swarmers; in Stigeoclonium and Chaetophora the normal zoospore 
is tetra-, the normal gamete di-kontan, so that there is a mingling 
of the two types as in Ulothrix, Pascher’s Iwanoffia^ is a 
1 Pascher, Bibl. Bot. lxvii, 1907, p. 68. 
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terrestrial Stigeoclonium in which only dikontan swarmers have 
become known. The formation of swarmers generally takes place 
simultaneously in a large number of cells; usually each cell 
produces only one or two of them and they are liberated through 
a lateral aperture in the wall (figs. 69, C; 70, C). The swarmers 
are evidently in a very plastic condition, the gametes in particular 
not being sharply defined from the microzoospores. Resting- 
cells are developed in many different ways, viz. by the formation 
of 1~4 aplanospores within a ceU, by akinetes (fig. 70, D), from 
the microzoospores on cessation of movement, and lastly as a 
result of the isogamous sexual process (fig. 69, F). Palmella-like 
stages have also been observed, especially in Stigeoclonium^, 



Kig. 67. Aphanochaete repens A. Br. oo, oogonium; os, ovum; 
a, antheridium ; an, spermatozoid. (After Huber.) 

The remaining genera of Chaetophoraceae are modified in 
various ways, the bulk of them being epiphytes on other water- 
plants. The tendency for reduction of the projecting system, 
evident in some species of Stigeoclonium (Berthold, 1878, p. 201), 
reaches its height in those Chaetophoraceous epiph 3 rtes, which 
either possess only a few projecting branches (Chaetonema^ 
(fig. 74, A), Pseudochaete (fig. 75)), or nothing but hairs {Aphano- 
chaete (fig. 76)), or have the projecting system completely sup- 
pressed {Protoderma (fig. 77), Endoderma (fig. 74, F)). Such forms 
maybe conveniently grouped as Prostratae. The prostrate system 
often consists only of loosely branched threads, but in a number 
of genera these are compacted to form a 1 -layered disc {Tricho- 
discuss, Protoderma). In Endoderma (fig. 74, F) the threads grow 
beneath the superficial layers of the wall of Cladophoraceae,. 

^ Cienkowski, 1876, p. 544. 
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etc. On the other hand, in a few forms (Erectae), it is the pros- 
trate system that is lacking, as in the minute unbranched 
Thamniochaete (fig. 73) and the peculiar Microthamnion (fig. 72), 
whose exact systematic position is difficult to determine; in 
some respects it shows a (probably superficial) resemblance to 
Cladophoraceae. Another form of doubtful affinity is Raphi- 
donema (fig. 74, E) which is like a septate Ankistrodesmtis and 
a frequent member of certain snow-floras. 

The reproduction of but very few of these specialised forms is 
at all well known, but the available data in the majority of cases 
indicate much similarity with what is recorded for Stigeoclonium 
and its immediate allies. Aphanochaete alone stands out by 
virtue of its marked anisogarny, amounting almost to oogamy. 
Oogonia are developed from enlarged globular cells devoid of 
hairs in the centre of the creeping filament (fig. 67, oo), and each 
gives rise to a single spherical 4-ciliate deep green macrogamete 
{os) containing a large and prominent oil-globule and liberated 
in the usual way. The small antheridia (a) are produced at the 
ends of the filaments, are frequently colourless, and give rise 
to one or two 4-ciliate pear-shaped microgametes {an). The 
latter exhibit active movement, whereas the macrogametes 
move little. The fate of the zygote is unknown. Many authorities 
place Aphanochaete in a separate family, but its anisogarny is so 
plainly derivable from the isogamy of other Chaetophoraceae 
that this appears unnecessary. 

A second series of forms, in which hairs are only rarely 
developed, appears to have undergone less reduction, the majority 
of the Trentepohliaceae possessing a thallus with both prostrate 
and projecting systems. The members of this family produce their 
swarmers in sporangia or gametangia which are more or less 
sharply differentiated from the vegetative cells (figs. 78 and 80). 
They also show specialisation in other directions, to wit the 
frequent incrustration with carbonate of lime in Gongrosira, the 
capacity for penetrating into calcareous (e.g. shells of Molluscs) 
and other substrata in Gomontia (fig. 79, C, D), and the wind- 
dispersal of the sporangia in the terrestrial Trentepohlia, In 
Gomontia the prostrate system occupies the surface of the 
substratum, while the threads of the projecting system penetrate 
into it. The haematochrome, found in the cell-sap of the Trente- 
pohlias and to which their frequent orange colour is due, is 
probably a protection against the strong light to which these 
forms are often exposed in their terrestrial habitat. 

In Gongrosira (fig. 78, D and E) the sporangia are flask-shaped 
structures arising terminally on the projecting threads, whilst 
in Gomontia they are large irregularly swollen cells of the prostrate 
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system. In Gomontia they give rise to biciliate swarmers of two 
sizes which are believed to be gametes. In Trentepohlia (fig. 80) 
the spherical sporangia are again borne on the upright threads, 
the underlying cell often having a characteristic hook- or knee- 
shaped form (cf. p. 200). These sporangia usually become 
detached as a whole (ef. fig. 3, B, C) and distributed by the wind, 
liberating numerous quadriciliate (or sometimes biciliate?) 
zoospores only after subsequent contact with moisture. The 
gametangia of Trentepohlia are commonly found on the basal 
parts of the thallus and are spherical cells devoid of a stalk ; the 
isogamous gametes are biciliate but resemble the zoospores 
closely, and it would seem that in many cases they germinate 
without fusion (see also p. 200). 

In some species of Trentepohlia the upright system is strongly 
reduced; in fact the ordinary condition of T. umbrina is that of 
a number of very loosely connected cells forming a prostrate 
branch-system. A similar, but more extreme, reduction of some 
member of Chaetophorales may well have afforded the familiar 
Pleurococcus {Protococcus) (fig. 86), whose exact relationship is 
altogether obscure and certainly not with the Trentepohlia- 
group. Another reduced type, evidently related to Trentepohlia, 
is the epiphyllous Phycopeltis (fig. 79, B), forming greenish or 
orange-coloured specks on the leaves of Abies, Hedera, Rubus, 
etc. and not yet recorded for this country. Here the thallus 
consists almost entirely of the prostrate system which forms a 
1 -layered disc composed of radiating threads with cells containing 
haematochrome ; sporangia are formed at the ends of short 
upright threads, whilst the gametangia are developed directly 
from the cells of the disc. 

In classing the Gongrosireae and Trentepohlieae in the same 
family, the writer is reverting to a practice which Wille had 
abandoned^. In spite of the obvious differences between the two 
sets of forms, seen also in the cell-structure (Gongrosireae with 
one, Trentepohlieae with several chloroplasts per cell), they give 
the impression of a closer affinity than can be recognised for 
instance between the Gongrosireae and any of the true Chaeto- 
phoraceae, saving possibly Microthamnion, The difference of 
habitat is no longer so marked since Bristol has found a species 
of Gongrosira in the soil-flora, and there is much resemblance 
between the sporangia of the two sets of forms, although those 

^ Wille (1909, pp. 82, 84) includes the forms here placed in Gomontieae 
and Gongrosireae in Chaetophoraceae. Oltmanns (1922, p. 803), West 
(1916 a, p. 800), and Heering (1914, p. 102) do much the same. The classi- 
fication here advocated is more on a line with that proposed by Blackman 
and Tansley (1903, p. 41). 
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of the Trentepohlieae are more highly developed. The inclusion 
of Gomontia in this family will rouse more opposition, but the 
arguments for its inclusion are of the same character. The alter- 
native is to put it in a family of its own (together with Tellamia)^, 
as many have done. 

Coleochaete (fig. 81), occurring as discs or cushions commonlj’’ 
attached to water-plants, is a puzzling form around which 
many theoretical discussions have centred. It appears to be a 
remnant, like Sphaeroplea among Ulotrichales and Vauclieria 



Fig. 68. Coleochaete pulvinata A. Br. A and B, from near Glenties, Donegal. 
Ireland. A, portion of thallus with sexual organs ( x460); o, fertilised 
oogonium; t, “trichogyne” ; a, antheridia. B, ripe ‘‘fruit” emitting the cells 
formed by the division of the oospore ( x 460). C, zoospore formed from the 
latter (after Chodat), D, zoospore produced from thallus (after Pringsheim). 

among Siphonales, whose immediate allies have been wiped out. 
The peculiar sheathed setae (fig. 68, A), produced by many of 
the cells, have no parallel elsewhere, save in a few of the 
reduced Chaetopeltidaceae (cf. below). Nevertheless, in C. ptil- 
vinata A. Br. we have again a thallus with well-developed 
prostrate and projecting systems and in other species (C. soluta, 
C. scutdta) a complete suppression of the latter and the assump- 
tion of a discoid pseudoparenchymatous habit (fig. 81). The two 
types of thallus-structure run parallel with what is encountered 

^ Acton (New Phytol. xv, 1916, p. 101) advocates an inclusion of this 
genus in Endoderma. 
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in Chaetophoraceae and Trentepohliaceae and they, as well as 
the simple plate-shaped chloroplast found in each cell, probably 
imply a remote affinity. 

The isolation of Coleochaete is further emphasised by a con- 
sideration of its sexual reproduction. The oogonia (fig. 68, o) 
are enlarged cells of the projecting threads when these are 
present, or of the discs in the prostrate species; in the former 
case they develop a long neck (t) probably serving, like the 
trichogyne of Florideae, to facilitate reception of the male 
gamete ; in the latter case they bulge in a hemispherical manner. 
The spermatozoids, which in the majority of the species are 
colourless, penetrate through an aperture formed in the oogonial 
wall — at the tip of the neck, when that is present. After fertilisa- 
tion branches grow up around the oogonimn from the adjacent 
cells (only on its outer surface in the discoid species) and form 
a complete l-layered investment (fig. 68, A); the thick brown 
membrane of the oospore is formed, according to Oltmanns, by 
thickening of the wall of the oogonium and of the inner mem- 
branes of the ceUular investment. In the possession of the latter 
Coleochaete is unique among Isokontae, although such fruit- 
formation is common enough in the Red Algae. When the 
oospore germinates, the contents undergo subdivision into 16 
or 32 cells, whereupon the envelope is burst (fig. 68, B) and each 
cell produces a zoospore (fig. 68, C), differing considerably from 
the type formed in asexual reproduction by the ordinary thalli. 

The mass of cells formed within the oospore, which is morpho- 
logically though not cytologically a sporophyte (since reduction 
occurs at the first division in the oospore)^, is a further peculiarity 
of Coleochaete, although hinted at in the germination of the 
sexually produced spores of other Isokontae (e.g. Ulothrix, 
Oedogonium). The resemblances between the reproductive 
processes of Coleochaete and some Florideae are more apparent 
than real. In both cases we have a high degree of specialisation, 
and the similarities are no doubt an expression of the general 
trend which evolution in the lines of algal descent has followed. 
As regards the relationship between Chaetophoraceae, Trente- 
pohliaceae, and Coleochaetaceae, they obviously represent three 
divergent, but parallel lines which need not even have had a 
common filamentous ancestry, since divergence may have taken 
place before the filamentous habit had become established. 

The sheathed setae of Coleochaete, although formed mainly as 
an outgrowth of the cell- wall, do contain a narrow central thread 
of cytoplasm. Similar setae are encountered in Chaetosphaeri- 
dium (fig. 84) and Conochaete (fig. 85), in the former often 
* Allen, Ber. Deutsch. Bot. Ges. xxiii, 1905, 289. 



GROUP 4. CHAETOPHORALES 


181 


attaining a very great length. These genera are to all intents and 
purposes loose clusters of unicellular individuals, isolated cells 
being not uncommon, and may rightly be regarded also as 
members of the Chlorococcales. They, however, give the impres- 
sion of reduced forms and are more conveniently considered in 
relation to the Chaetophorales, the more so as Chaetosphaeridium 
occasionally shows plain evidence of derivation from a filamentous 
condition (see p. 207). Whether the possession of similar 
bristles implies any relationship with Coleochaete may be doubted. 

A number of further genera are distinguished by the presence 
of setae devoid of a sheath. Such are Polychaetophora (fig. 83) 
and Oligochaetophora (fig. 82, F), of which the former at least 
shows a filamentous tendency. A third genus, of doubtful 
affinity with the two others, is the discoid epiphyte ChaetopeUis 
(fig. 82, D), plainly a member of Chaetophorales parallel with 
Coleochaete, Protoderma, PhycopeUis, etc. Still more doubtful 
is the peculiar Dicranochaete (fig. 82, A) with repeatedly forked 
bristles. The combination of all these seta-bearing forms in the 
one family Chaetopeltidaceae is a matter of convenience and 
may safely be allowed until more definite data as to their 
possible affinities are forthcoming. 

The following scheme will serve for the identification of the 
British genera of the group : 

A. Plant-body mostly branched, frequently bearing simple hairs 
composed of one or more colourless cells, without specially 
differentiated sporangia, aquatic; sexual process isogamous 
or a very simple form of oogamy Chaetophoraceae 

a. Plant-body readily visible to the naked eye, sometimes 

differentiated into prostrate and projecting systems, the 
latter generally well developed and usually terminating in 
simple uni- or multicellular hairs Chaetophoreae 

1. Filaments not surrounded by a compact mucilage-envelope, 

separately visible to the naked eye 
* Thallus without marked differentiation between the 
main axes and branches, prostrate and projecting 
threads usually well developed Stigeoclonium 

*♦ Thallus showing marked differentiation between elongate 
and much wider main axes and numerous tufts of short 
lateral branches, without prostrate base 

Drapamaldia 

2. Filaments surrounded by a compact mucilage-envelope 

within which they are more or less radiately disposed 

Chaetophora 

b. Plant-body small or very small, often only visible on micro- 

scopic examination, epi- or endophytic or rarely free- 
floating, with or without hairs of a simple type 
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1 . Thallus composed solely of the projecting system Erectae 

* Threads extensively branched, at first epiphytic, later 

free-floating, no hairs Microthamnion 

♦♦ Threads unbranched, of only 3-6 cells, epiphytic, with a 
terminal hair Thamniochaete 

♦♦♦ Threads unbranched, of few cells, attenuated at either end, 
free-floating Raphidonema 

2. Thallus composed in the main of the prostrate system, the 

projecting system being represented by a few branches 
or hairs only Prostratae 

* Thallus with a few projecting threads 

t Prostrate system not compacted to form a disc 
§ Projecting threads usually branched and each cell 
bearing long hairs Chaetonema 

§§ Projecting threads unbranched, gradually attenuated 

Pseudochaete 

tt Prostrate system compacted to form a disc composed 
of radiating threads Trichodiscus 

** Thallus without projecting threads, the prostrate system 
bearing hairs which are bulbously inflated at the base, 
simple oogamous sexual process Aphanochaete 

3. Thallus composed solely of the prostrate system, without 

hairs 

* Thallus epiphytic, discoid, of branched radiating threads 

Protoderma 

♦♦ Thallus epiphytic, central cells rounded, peripheral ones 
elongated and radiating Ulvella 

♦♦♦ Thallus endophytic in the membranes of other Algae 

Endoderma 

B. Plant-body branched, without hairs, usually differentiated into 
prostrate and projecting systems, with specially differentiated 
sporangia, aquatic or terrestrial ; sexual process isogamous 

Trentepohliaceae 

а. Usually aquatic, devoid of haematochrome, single chloro- 

plast, forming small cushions Gongrosireae 

1. Chloroplast without a pyrenoid, sporangia developed from 

any cell Leptosira 

2. Chloroplast with a pyrenoid, sporangia usually tetminal, 

cushions frequently encrusted with carbonate of lime 

Gongrosira 

б. Threads penetrating calcareous substrata or dead algal cells, 

single chloroplast Gomontieae 

Only British genus Gomontia 

c. Terrestrial forms, often with haematochrome, several 
chloroplasts per cell, without pyrenoids Trentepohlieae 

1. Thallus richly branched, generally with well-developed 

prostrate and projecting systems Trentepohlia 

2. Thallus epiphyllous, discoid Phycopeltis^ 

^ So far not recorded for Great Britain. 
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C. Plant-body a 1 -layered disc or a convex cushion, composed of 

more or less closely aggregated branched filaments, many of 
whose cells bear sheathed setae, advanced oogamous sexual 
process Coleochaetaceae 

Only genus Coleochaete 

D. Reduced epiphytic or free-floating forms, in some cases uni- 

cellular, the cells bearing gelatinous setae of diverse type 

Chaetopeltidnceae ^ 

а. Setae devoid of a basal sheath, simple Chaetopeltideae 

1. Thallus discoid composed of angular cells, setae sometimes 

absent Chaetopeltis 

2. Cells subglobose or ovoid, loosely aggregated, each with 

two or more long flexuose setae 
* Free-floating, cell-wall thick and stratified, each cell with 
8-12 setae Polychaetophora 

** Epiphytic, cell- wall thin, each cell with 2-4 setae 

Oligochaetophora 

б. Setae devoid of a basal sheath, repeatedly forked 

Dicranochaeteae 

Only genus Dicranochaete 

c. Setae provided with a basal sheath Chaetosphaeridieae 

1. Each cell with a single seta Chaetosphaeridium 

2. Each cell with several setae Conochaete 

E. Unicellular, multiplying by vegetative division, and occasionally 

forming short branched filaments, terrestrial Pleurococcaceae 

Only genus Pletirococcm 


Family 1. CH AETOPHOR ACE AE 

The members of this family are, with very rare exceptions, 
aquatic and have a branched filamentous thallus, which is either 
plainly differentiated into prostrate and projecting systems, or 
one or other of these is more or less completely suppressed. In 
most genera hairs, composed of one or more cells devoid of 
chloroplasts, are present. The ordinary cells possess a single 
parietal plate- or girdle-shaped chloroplast which often has a 
dissected margin and usually contains one or two pyrenoids; the 
cell- wall is generally thin. Reproduction is effected by akinetes, 
2- or more commonly 4-ciliate zoospores, aplanospores, and by 
a sexual process which, except in Aphanochaete, is isogamous. 
The reproductive elements are formed with or without division 
from the contents of the ordinary vegetative cells (cf. however 
Trichodiscus and Aphanochaete), 


^ cf. also Gloeochaetet p. 494. 
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Sub-family 1. Chaetophoreae 

Plant-body large, readily visible to the naked eye. 

Stigeoclonium Kiitzing, 1843 ^ {Myxonema Fries, 1825 ) 2 . 
ThaTlus filamentous, somewhat mucilaginous, branched, usually 
differentiated into a prostrate, often more or less moniliform or 
torulose, system attached to some substratum, and a projecting 
system whose cells are elongated : branches of the latter scattered, 
often more or less isolated and elongated, rarely developed in 
dense clusters, either terminating in a point or in long hyaline 
hairs. The projecting threads of adult plants frequently float 
freely in ponds and ditches. Reprod. by macro- and microzoosp. 
with four cilia, by isogamous gametes with two cilia, by 
akinetes (developed especially in the prostrate system), and 
aplanosp. Microzoosp. occasionally behave as gametes, whilst 
the 2-ciliate gametes often fail to fuse: zygosp. either smooth 
or stellate. The macrozoosp. are stated to germinate directly, 
whilst the microzoosp. usually give rise to resting-cells. 

The sp. of Stigeoclonium are but very insecurely founded. 
Great variability exists as regards the relative development of 
prostrate and projecting systems, the degree of branching of 
the latter, and the extent of hair-development. In some forms 
the projecting, in others the prostrate, system would appear to 
be very much reduced, but whether such are really independent 
sp. or mere habitat-forms is uncertain. As regards the projecting 
system Klebs ( 1896 , p. 401 ) has shown that the extent of branch- 
ing depends on the intensity of illumination, whilst hairs are 
produced much more plentifully in standing than in flowing 
water. Heering ( 1914 , p. 68 ) has done very useful work in 
attempting a classification of most of the known forms, based 
largely on the degree of development and the type of branching 
of the projecting system. In a few cases the threads of the 
prostrate system are endophytic in the external cell-walls of 
other aquatics. Palmella-stsiges have been recorded for various 
sp. and, according to Livingston (loc. cit.), can be artificially 
induced by immersion in solutions of relatively .high osmotic 
pressure (inch sea-water) or in dilute solutions to which certain 

1 Cienkowski, 1876, p. 537; feerthold, 1878, p. 198; Huber, 1892, p. 274; 
Hazen, 1902, p. 193 (sub Myxonema)', Livingston, Bot. Gaz. xxx, 1900, 
p. 289 and xxxix, 1905, p. 297; Livingston, Bull. Torrey Bot. Club, xxxii, 
1905, p. 1; Fritsch, Beihefte Bot. Centralbl. xiii, 1903, p. 868; Pascher,. 
Flora, xcv, 1905, p. 95 and Archiv f. Hydrobiol. u. Planktonkunde, i, 1906, 
p. 433; StrOm, Mag. f. Naturvidensk. lix, 1921, p. 9. 

• Stigeoclonium was adopted as a “genus conservandum ” at the Inter- 
national Bot. Congress, 1910. 
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stimulating metallic salts have been added. The palmelloid cells 
can germinate directly to form new plants. 

Sp. of this genus are most commonly found in spring in slow-flowing 
waters or in springs and are readily recognised by their delicate 
attached branching threads. Frequent and fairly well established 
forms are : S, tenue Kiitz. (flg. 69), with well developed, but not very 



Fig. 69. StigeocUmium tenue Kiitz., from near the Lizard, Cornwall. A, part 
of thallus ( X 100); B, escape of zoospores; C, escape of gametes; D and E, 
zoospores; F, conjugation of gametes; G, germinating zoospores ( x 500). 

extensively branched, projecting threads, the finer branches being 
both alternate and opposite; S, lubricum Kiitz. which is abundantly 
branched, with the branchlets opposite or in pseudo- whorls ; and 
S. amoenum Kiitz. in which the branchlets of the projecting threads 
are usually opposite and mostly without hairs and the main axes are 
somewhat differentiated from the finer branches by the possession 
of thick-walled elongated cells with a meagre chloroplast. A var. of 
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S. farctum Berthold, one of the sp. in which the projecting system is 
much reduced > has been recorded from artificial waters in Kew Gardens 
(Fritsch, 1906, p. 200). 

Draparnaldia Bory, 1808 Thallus very mucilaginous, filamen- 
tous, without a prostrate system, the projecting one differentiated 



Fig. 70. Draparnaldia glomerala (Vauch.) Ag., from Tintagel, Cornwall. 
A, portion of thallus ( x 100); B, single cell of main filament showing the 
chloroplast ( x 220); C, part of branch showing escape of zoospores ( x 500); 
D, akinetes formed from cells of branches ( x 500). 

into long and short branches; cells of long branches large, more 
or less barrel-shaped, with a scanty equatorial chloropl. with 
toothed edges and several pyrens.; short branches in clusters, 
alternate, opposite, or verticillate, richly branched, the apices 

' Berthold, 1878, p. 202; Hazen, 1902, p. 217. The name of this genus is 
sometimes written Drapamaudia, 
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frequently tapering into long hyaline hairs, the chloropL occupy- 
ing nearly the whole length of the cells. Formation of reprod. 
elements confined to the short branches. Reprod. by 4-ciliate 
macro- and microzoosp., by aplanosp., and akinetes; swarmers 
( 1-4 per cell) usually formed 
simultaneously through- 
out a cluster of branches, 
the entire process occupy- 
ing only a few minutes 
and liberation taking place 
through a hole in the wall, 
often much smaller than 
the swarmer (fig. 70, C). 

Microzoosp. can act as 
gametes or give rise to rest- 
ing-cells without fusion. 

Two sp,, JO. plumosa 
(Vauch.) Ag. and D. glomerata 
(Vauch.) Ag. (fig. 70), are 
widely distributed in the 
Brit. Isles. They prefer clear 
water and occur both in bogs 
and amongst stones in 
streams, where they are 
usually found in quiet pools, 
stretching in long pale green 
gelatinous strands (up to 20 
cm. long) from stone to stone. 

The lateral branches of D. 
glomerata are fewer and much 
shorter than those of D. 
plumosa^ the cells are propor- 
tionately a littfe longer, and 
the hairs are also generally 
longer ; diam. of long branches 
usually 40-50 /x, but some- 
times considerably more ; cells 
of short branches 5-10 br. 

Fig* 71. A and B, Chaetophora incrassata 

OhaetophQTa _„Schrank, (Hlids.) Hazen, from Scarborough Mere, 
1789^. Thallus a gelatinous N. Yorks; A, nat. size; B, x500. C, C. 
macroscopic growth of de- elegans (Roth) Ag., from Baildon, W. 
finite form and of tough' ^orks (nat. size), 
consistency, the component filaments being recognisable only on 
microscopic examination. Prostrate system feebly developed, 

1 Berthold, 1878, p. 210; Hazen, 1902, p. 209. 
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often of loosely connected rounded cells; filaments of projecting 
system radiating out from the base and at first little branched, 
but towards their apices bearing dense clusters of corymbose 
branches of a very bright green colour and with the terminal 
cells often prolonged into long hyaline hairs. Rhizoids may 
develop from some of the cells of older plants. Reprod. by 
brown-coloured akinetes, generally developed from the upper 
cells of the branches, by 4-ciliate zoosp. and 2-ciliate gametes. 

Certain sp. (e.g. C. incrassata, C. elegans) have the power of pre- 
cipitating calcium carbonate from the water in which they live and 
so giving rise to incrustations of considerable thickness ^ 

The most abundant Brit. sp. is C. pisiformis (Roth) Ag., which 
occurs as hemispherical or almost spherical dark green masses 
attached to submerged stones and Phanerogams or the shells of 
aquatic Gastropods ; it favours flowing water. It is distinguished by 
the absence of terminal hairs and the slightly torulose character of 
the cells of the branches; those of the main filaments are 9-15 br. 
The next most abundant sp. is C. incrassata (Hiids.) Hazen (C. endi- 
viaefolia Ag., C, Cornu-Damae (Roth) Ag.) with a tough gelatinous 
subdichotomously branched thallus, rather flat and of a darker green 
at the periphery than in the centre (fig. 71, A and B). Adult speci- 
mens are frequently found floating freely at the marshy margins of 
ponds and lakes, or even in bogs. C. tuberculosa (Roth) Ag. has a 
large cushion-shaped thallus, 2-5 cms. in diam. (with a tuberculate 
surface), and occurs usually in marshes or bogs. C. elegans (Roth) Ag. 
is rarer and is found as very pale green masses clinging to submerged 
stems and leaves of Grasses, Sedges, or Mosses (fig. 71, C); the thalli 
are often confluent and the ultimate branching of the threads is not 
as dense as in C. pisiformis. 

Sub-family 2. Erectae 

Plant-body microscopic, composed solely of the projecting 
system. It is doubtful whether the forms here included have any 
real affinity with one another. 

Microthamnion Naegeli, 1849; Kirchner, 1878^. Thallus a 
well-branched filament (not exceeding 1 mm. in height), devoid 
of hairs, at first attached, later often free-floating; branches 
short or long, often unilateral, arising immediately beneath a 
septum and at first appearing as lateral outgrowths from the 
upper end of the parent-cell, the separating wall often formed 

^ A form of C. elegans showing this feature was named by Tilden (Bot. 
Gaz. XXIII, 1897, p. 102) C. calcarea, but the incrustation seems to constitute 
the only marked point of difference (tf. Hazen, 1902, p. 217). 

* Borzi, Nuova Notarisia, ii, 1891, p. 387; Schmidle, Hedwigia, xxxviii, 
1899, p. 165; Hazen, 1902, p. 190; Greger, Hedwigia, lvi, 1915, p. 874. 
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some distance up in the branch. Cells thin-walled, cylindrical, 
8-7 times as long as broad, terminal cells obtuse or acuminate; 
chloropl. without pyrens., a long parietal plate occupying about 
two-lhirds of the cell, often pale green, storing oil-drops. Reprod. 



Fig. 72. A-D, Microthamnion KUtzingianum Naeg. A-C, young forms from 
Richmond Park, Surrey ( x 500). D, portion of adult form from Horton-in- 
Ribblesdale, W. Yorks ( x 350). E, M. strictissimum Rabenh., from Blubber- 
houses, W. Yorks ( X 500). 

by pear-shaped 2-ciliate zoosp., 4-8 (-82) of which are formed 
from any cell except the basal one^; thick- walled akinetes also 
recorded. 

Of the two Brit, sp., M. KUtzingianum Naeg. (fig. 72, A-D) is much 
more abundant, being found especially in the early spring in small 

^ The special terminal sporangia mentioned by Wille (1807, p. 97) and 
Blackman and Tansley (1908, p. 42) require confirmation (cf. also Hazen, 
1902, p. 190). 
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pools and ditches ; it likes peat. It is a small plant with many short 
branches of 1-6 cells (3-5 hr.). M. strictissimum Rabenh. (M. vexator 
Cooke) (ftg. 72, E) is larger, with much longer and more rigid branches, 
giving the plant a very different appearance from that of M, KiUzin- 
gianum ; cells 4 br. 


Thamniochaete Gay, 1893^. Thallus epiphytic, a minute 
unbranched erect filament of 3-6 cells, the 
basal one being modified for attachment; 
terminal cell or cells with an elongated uni- 
cell. hair or a short spine-like projection. 

Chloropl. parietal, with one pyren. Reprod. 
by brown-coloured akinetes alone known. 



Fig. 73. Thamnio- 
chaete aculeaia W. & 


T, aculeata W. & G. S. West (fig. 73) has 
been found as a rare epiphyte in the thallus of 
Gloeotrichia natans at Connemara in Ireland and 
in the Hebrides. The terminal cell is somewhat 
swollen and bears below its apex a short and 
very sharp bristle; cells 5*5-13 br. The other 
sp., T. Htiberi Gay, is so far only recorded from 
France where it was found epiphytic on Oscil- 
latoria; it gives the impression of reduction from G. S. West. A, from 
a branched form. Balallan, Outer 

Hebrides; B, from 

Raphidonerna Lagerheim, 1892 Thallus Baheh Lough, Gal- 
an unbranched, unattached, often curved way, Ireland ( x520). 
thread, usuaUy tapering at each end and composed of a small 
number (4-7) of elongate thin- walled cylindrical cells. Chloropl. 
a parietal plate without pyrens. Reprod. by splitting of the 
thread into two. 


R, nivale Lagerh. (fig. 74, E) has been recorded from near Settle in 
Yorkshire (West and West, 1901, p. 21); the cells are 4-6 br. The 
usual habitat is on the surface of snow. The view expressed in the first 
edition of this work (p. 80) as to its fungal nature was not subsequently 
maintained by G. S. West (1916 a, p. 287), nor is Wille’s reference of 
Raphidonema to Ankistrodesmus generally accepted. 


Sub-family 3. Prostratae 

Thallus microscopic, composed in the main of the prostrate 
system; projecting system feebly developed or absent. 

^ Gay, Bull. Soc. Bot. France, xl, 1898, p. clxxvii; West and West, 1903, 
p. 38. 

• Lagerheim, Ber. Deutsch. Bot. Ges. x, 1892, p. 528; Fritsch, Journ. 
Linn. Soc., Bot. xl, 1912, p. 817; Chodat, 1918, p. 165. 




Fig. 74. A, Chaetonema irregular e Nowak, (after Huber, x 160). B-C, 
Ulvella Beesleyi Fritsch (after Beesley); B, mature thallus ( x850); C, 
zoospores ( x 600). D and G, Trichodiscus elegans Welsford (after Welsford) ; 
D, small part of periphery of disc ( x280); G, group of sporangia (sp) from 
centre of disc ( x 550). E, Raphidonema nivale Lagerh. (after Lagerheim). 
F, Endoderma Cladophorae Hornby (after Hornby, x800), within the 
membrane of Cladophara. 


pyrens., occupying the greater part of the cell. Reprod. by ovoid 
4-ciliate zoosp., two formed from each cell. Palmella-stsiges, 
whose cells multiply by a kind of budding, also known. 

C. irregulare Nowak, (fig. 74, A), the only sp., is a rare Alga recorded 
from W. Yorks, growing at the periphery of a Palmella-stSLge of 
Chlamydonumas (West, 1912, p. 328) ; cells 5-8 br. The genus is chiefly 

^ Nowakowski, Cohn’s Beitr. z. Biol. d. Pfl. ii, 1877, p. 75; Huber, 1892, 
p. 802; Huber, Bull. Herb. Boissier, ii, 1894, p. 168. 
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distinguished from some of the reduced forms of Stigeoclonium by the 


presence of hairs on all the cells of the pro- 
jecting threads; these hairs are probably to 
be regarded as reduced branches. 

Pseudochaete W. & G. S. West, 1902^. 
Thallus filamentous, epiphytic, consisting 
of a (branched?) prostrate system of 
cylindrical or barrel-shaped cells, bearing 
narrower vertical unbranched threads 
which are composed of 5-8 much elongated 
cells and are attenuated to fine points. 
Chloropl. parietal, a pyren. only recognised 
in the cells of the prostrate thread; the 
last one or two cells of the upright threads 
may be devoid of contents. Reprod. un- 
known. 

P. gracilis W. & G. S. West (fig. 75) is a 
rare epiphyte on aquat. plants ; cells of creep- 
ing filaments 5‘7-7*7 br. and 1J-2J times as 
long, those of the erect branches only 1*5-1 *8 
br. and 8-18 times as long. This Alga shows 
considerable resemblance to AphanochaetCy 
but differs in the possession of septate erect 
branches instead of simple hairs. The only 
other sp., P. crassisetum W. & G. S. West 
recorded from Ceylon, was regarded by G. S. 
West as possibly a developmental stage of 
Stigeoclonium, 

Trichodiscus Welsford, 19122. Thallus 
discoid, about 1 mm. in diam,, epiphytic ; 
prostrate system composed of branched 
radiating threads coalescing to form a 
1-layered disc, but free at the margin and 
there sometimes curving upwards; upright 
system consisting of numerous short, rarely 



branched, few-celled threads and scanty pig. 76 . Pseudochaete 
long septate hairs (usually found near the i^roci/wW.&G. S. West, 
periphery). Chloropl, a lobed parietal plate 
with a single pyren. Reprod. by zoosp., ' 


2-ciliate isogametes, and aplanosp.; the swarmers are formed 


in somewhat enlarged cells (fig. 74, G) of the upright threads. 
Palmella’-stsLges also recorded. 


1 West and West, 1908, p. 87. 

* Welsford, Ann. of Bot. xxvi, 1912, p. 289. 
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T. elegans Welsford (fig. 74, D, G) was found on the sides of a glass 
jar containing Azolla Caroliniana imported from N. Carolina and is 
therefore hardly to be regarded as a Brit. Alga. It is only distinguished 
from some of the reduced sp. of Stigeoclonium (e.g. S,farctum) by the 
development of special sporangia and gametangia, in which respect 
an affinity to Trentepohliaceae is indicated. 

Aphanochaete A. Braun, 1851^ (Herposteiron Naegeli, 1849) 
Plant a prostrate branched filamentous epiphyte, some or all of 



Fig. 76. A, Aphanochaete polychaete (Hansg.) Fritsch, from Wimpole Park, 
Cambridgeshire. B-D, A. repens A. Br. ; B and C, from Bradford, W. Yorks ; 
D, from Richmond Park, Surrey. (x450.) a, aplanospore. 

the cells of which bear on the dorsal surface one or more erect uni- 
cell. hairs inflated at the base; in cultures these are sometimes 
replaced by branches^. The hairs at an early stage lose their 
protoplasmic contents ; plugs of refractive substance often 
simulate transv. septa, but it has been conclusively shown that 
the hairs are single cells. Chloropl. single, parietal, with 1-2 

^ Braun, Betracht. iib. d. Erschein. d. Verjung. i. d. Natur, 1851, p. 196; 
Huber, 1892, p. 278; Huber, Bull, Soc. Bot. France, xn, 1894, p. xciv; 
Fritsch, Ann. of Bot. xvi, 1902, p. 403; Hazen, 1902, p. 229. 

* cf. Nordstedt, Bot. Notiser, 1906, p. 118. 

* Chodat, 1902, p. 824. 
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pyrens. Asex. reprod. by 4-ciliate zoosp.^ of variable size and 
usually possessing an eye-spot; 1-4 are formed per cell, the wall 
rupturing to set them free. On coming to rest they generally 
develop unilaterally into a new plant. Aplanosp. sometimes 
formed (fig. 76, C). 

The sex. reprod. (fig. 67) is of an oogamous type, but fertilisa- 
tion takes place outside the plant. Globular oogonia {oo) 
develop by enlargement of some of the central cells which are 
devoid of hairs; the single female gamete (os) is 4-ciliate and is 
expelled by rupture of the wall. Antheridia (a), which are 
commonly almost colourless and considerably smaller than the 
vegetative cells, originate near the ends of the creeping branches 
and give rise to one or two spermatozoids each; the latter (afi) 
are pear-shaped, provided with four cilia, a minute chloropl., 
and two contr. vacs., and are much smaller than the zoosp.; 
they are liberated into a hyaline vesicle which soon becomes 
diffluent. The spermatozoids exhibit active movement, but the 
female gametes are sluggish and come to rest prior to fertilisa- 
tion. The further development of the thiek-walled red-coloured 
oospores is unknown. 

Sp. of this genus occur as epiphytes on Cladophoray Rhizoclonium y 
Oedogoniumy and Mougeotia, as well as on the leaves, etc. of submerged 
Phanerogams. Well-developed specimens are much branched, the 
threads often following the contours of the cells of the substratum, so 
that a reticulum (fig. 76, B) may be produced. The hairs are easily 
broken off and frequently only their bases are present. The specific 
limits are not at all clear. The commonest sp. is A. repens A. Br. 
(Herposteiron confervicola Naeg.) which has oblong-ellipsoidal cells 
each bearing a hair ; it is somewhat variable and two hairs are occasion- 
ally formed on some of the cells (figs. 67 and 76, B-D). A. polychaete 
(Hansg.) Fritsch (fig. 76, A) is abundant in some parts of the Brit. 
Isles ; the cells are more ellipsoidal and possess from 1-4 bairs ; A. pilo- 
sissima Schmidle only differs in the presence of a mucilage-sheath 
about the thread and prominent thickening of the wall in the bulbous 
base of the hair*. 

Protoderma Kutzing, 1843; emend. Borzi, 1895 3. Thallus 
epiphytic, a 1 -layered pseudoparenchymatous disc, composed of 
a small central group of polygonal irregularly arranged cells 
with short branched filaments (sometimes a little attenuated) 
radiating from it; no erect branches or hairs. Chloropl. parietal, 

^ Pascher (Ber. Deutsch. Bot. Ges. xxvii, 1909, p. 148) has described a 
species in which these zoospores soon withdraw their cilia and exhibit 
amoeboid movement. 

* cf. Schmidle, Hedwigia, xxxvi, 1897, p. 6, and xxxviii, 1899, p. 164. 

* Borzi, Studi Algologici, ii, 1895, p. 245. 



GROUP 4. CHAETOPHORALES 


195 


plate-shaped, with a single pyren. Reprod. by spherical or ovoid 
2-ciliate zoosp., with eye-spot and two contr. vacs., 4-8 usually 
formed per cell and liberated by solution of the wall; also by 
aplanosp. Palmella-stsigeH recorded. 

P. viride Kiitz. (fig. 77) is a not uncommon epiphyte on all kinds of 
submerged aquatics, both Algae and Phanerogams. G. S. West^ 
regarded Entodadia gracilis Hansg. (Endoderrna gracile De Toni) as 
referable to this Alga. 

Ulvella Crouan, 1859^ (incl. Dermatophyton Peter, 1886; 
Epiclemydia Potter, 1886). Thallus epiphytic, at first a 1 -layered 
pseudoparenchymatous disc composed of radiating filaments 
which may or may not be distinct at the margin, later developing 
several layers of rounded cells at the centre ; marginal cells often 



Fig. 77. Protoderma viride Kiitz., from Bail.lon, W. Yorks, epiphytic on 
Callitriche stagfialis; A and B, parts of two plants, x5‘2(); C, single cell, 
x700. 

forked; no erect branches or hairs. Chloropl. a parietal plate, 
without pyrens. Reprod. by 2-ciliate pear-shaped zoosp., 
formed from the central rounded cells and liberated by dissolu- 
tion of the walls. 

17. involvens (Savi) Schmidle is an epiphyte on the carapace of 
tortoises, but has not been observed in this country. It would seem, 
however, that an Alga described in 1904 by L. Beesley® belongs to this 
genus and may be given the name U, Beesleyi F. E. Fritsch (fig. 74, 
B, C); it formed green thalli on the surface of small sand-grains in 
some of the pools near Fleam Dyke, Cambridgeshire, where numerous 
small springs keep the sand- particles in active movement. The sp. 
differs principally from U. involvens in the fact that the component 
filaments are free from one another at the margin. 

^ West, Journ. of Bot., 1899, p. 58; West, 1904, p. 205. 

• Huber, 1892, p. 294; Potter, Journ. Linn. Soc., Bot. xxiv, 1888, p. 251. 

* New Phytol. iii, 1904, p. 74. 
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Endoderma Lagerheim, 1883^ (incl. Periphlegmatium Kiitzing, 
1848, in part). Thallus endophytic in the cell-membranes of other 
Algae, composed of branched filaments which in some sp. 
coalesce to form a compact pseudoparenchymatous usually 
1-layered stratum; no erect branches or hairs. Chloropl. a large 
parietal plate, with one or several pyrens. Reprod. by ovoid 
4-ciliate zoosp. and ovoid 2-ciliate isogametes; the swarmers 
are formed in slightly enlarged cells (developing 2-8 zoosp., 
6-16 gametes) and escape through an aperture in the wall. 

Most sp. are marine. E. Clndophorae Hornby, endophytic in various 
Cladophoraceae, is known from the Midlands and is characterised 
by the coalescence of the branching filaments to form compact strata 
(fig. 74, F). A somewhat similar form was described by the writer* 
inhabiting Cladophora in the pond, Kew Gardens, Surrey. 

Family 2. TRENTEPOHLIACEAE 

The members of this family are partly aquatic (Gongrosireae) 
and partly terrestrial (Trentepohlieae) and in most the thallus 
is plainly differentiated into prostrate and projecting systems. 
Hairs are completely absent in the European forms. The cells 
contain eRher a single chloropla-st with or without pyrenoids 
(Gongrosireae, Gomontieae) or several chloroplasts without 
pyrenoids (Trentepohlieae). Reproductive cells (zoospores or 
isogametes, the latter invariably biciliate) are produced in 
specially differentiated sporangia or gametangia; aplanospores 
are also known. 


Sub-family 1. Gongrosireae 

Mainly aquatic, forming small epiphytic cushions ; chloroplast 
single ; cells devoid of haematochrome. 

Leptosira Borzi, 1888 3. Thallus aquatic, forming very minute 
bright green cushions, composed of prostrate and projecting 
threads which are torulose with elliptical, doliform, or sometimes 
irregularly shaped terminal cells. Chloropl. pale yellow-green, 
without pyrens., but with scattered starch-grains; cell- wall thin. 
Reprod. by 2-ciliate swarmers produced in considerable numbers 
by simultaneous div. of the contents of any of the older cells 
which become but slightly enlarged and open by an aperture in 
the wall (fig. 79, A). Zoosp. and gametes not morphologically 
distinguishable, the latter fusing by their posterior ends to form 
a resting zygosp. Zoosp. stated to form a CharaciumAiike stage 

^ Huber, 1892, p. 818; Hornby, New Phytol. xvii, 1918, p. 41. 

* Fritsch, Beihefte Bot. Centralbl. xiii, 1908, p. 881, tab. XII, figs. 88-86. 

* Borzi, Studi Algologici, i, 1888, p. 17. 
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whose contents give rise to 2-8 aplanosp. which are liberated by 
gelatinisation of the wall and produce new plants. 

L. Mediciana Borzi (fig. 79, A), the only Brit, sp., is known from 
Yorkshire (West and West, 1901, p. 29), being found amongst 
Sphagnum and Utricularia in bogs and boggy pools ; cells up to 20 br. 

Gongrosira Kiitzing, 1848^ (incl. Stereococcus Kiitzing, 1833; 
Pilinia Kiitzing, 1843, in part; Ctenocladus Borzi, 1885). Thallus 




Fig. 78. A-C, Gongrosira viridis Kiitz. ( x 500). A, from rocks, Lough Be^, 
Ireland; B and C, from rocks near Tremethick, Cornwall. D-F, G. siagncUts 
(West) Schmidle, from near Sutton, Cambridgeshire ( x 200). zg^ zoosporan- 
gium. 

usually aquat., generally attached to the substratum by a 
pseudoparenchymatous 1- or several-layered base, which is 

^ Wille, 1887, p. 484; Schmidle, Osterr. Bot. Zeitschr. xlvii, 1897, 
p. 41; Schmidle, Ber. Deutsch. Bot. Ges. xix, 1901, p. 10; West, 1912, 
p. 829; West, Journ. Roy. Microscop. Soc., 1918, p. 30. 
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formed by the confluence of the prostrate threads and bears 
numerous branched projecting threads from 0*04 to 2 mm. in 
height; the whole constituting a dense cushion-like mass 
frequently incrusted with carbonate of lime and sonletimes 
forming quite a hard stratum (G. Scourfieldii West). Chloropl. 
a parietal plate with one or more pyrens., but usually ill-defined; 
cell- wall often thick and distinctly lajmellose; cells frequently 
of irregular shape. Reprod. by (a) akinetes detached generally 
from the prostrate system, {h) ovoid 2-ciliate zoosp. formed in 
considerable numbers in special sporangia (fig. 78, D, E) which 
are often terminal and flask-shaped, though sometimes inter- 
calary, and (c) 2-ciliate gametes which are imperfectly known. 

The plants usually occur at the margins of ponds, lakes, or rivers 
forming a tough green stratum on submerged stones or on the shells 
of aquat. Gastropods. The sp., of which five have been recorded in 
the Brit. Isles, are grouped in two sections, viz. Eugongrosira in which 
the sporangia are much larger than the vegetative cells, and Cteno- 
cladus in which they are scarcely enlarged. To the former belong: 
G, viridis Kiitz. (fig. 78, A-C), a small sp. (primary filaments 8-12 br. ; 
branches 4-8 br,), usually encru.sted with lime; and G. stagnalis 
(West) Schmidle (fig. 78, D-F), which is larger (prim. fil. 16-30 br.) 
and occurs on the shells of Limnaea peregra. The section Ctenocladus 
includes : G. Schmidlei Richter, in which the projecting threads show 
unilateral branching and all the threads are of the same width (8-14), 
a chloropl. being mostly only present in the outermost cells; and 
G, terricola Bristol (1920, p. 77), the only terrestrial sp. known, which 
is characterised by the basal or intercalary position of its sporangia. 

Sub-family 2. Gomontieae 

Aquatic, penetrating calcareous substrata or dead algal cells ; 
chloroplast single ; cells devoid of haematochrome. 

GomontiaBoTiiet et Flahault, 1888^. Thallus aquat., epiphytic, 
usually consisting of an often alpiost pseudoparenchymatous 
prostrate system developed on the surface and giving rise on 
the lower side to elongate projecting threads which penetrate 
deeply into the substratum, which may be calcareous, woody, 
or composed of dead algal cells ; cells of irregular shape, those of 
the penetrating system often very long. Chloropl. parietal, of 
varied form (discoid, lobed, band-shaped, or reticulate), with 
one or several pyrens. ; cells often with several nuclei. Reprod. 
elements formed in enlarged cells of the prostrate system which 

^ Bornet et Flahault, Journ. de Bot. ii, 1888, p. 163, and Bull. Soc. Bot. 
France, xxxvi, 1889, p. clii; Wille, Vidensk. Selsk. Skrift., 1906, No. 3, 
p. 29; Acton, New. Phytol. xv, 1916, p. 97; Moore, Ann. Missouri Bot. 
Card. V, 1918, p. 211. 
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often develop special attaching rhizoids of their own^; there have 
been distinguished (a) slightly enlarged zoosporangia producing 
2-4 ovoid 4-ciliate zoosp., (b) much enlarged aplanosporangia 
producing numerous aplanosp., and (c) much enlarged game- 
tangia (?) forming numerous pear-shaped 2-ciliate swarmers of 
different sizes whose sexual fusion is not yet established. Akinetes 
also known. 


ml 


Fig. 79. A, Leptosira Mediciana Borzi (after Borzi, x460); numerous 
sporangia seen in the lower part of the filament, some empty, others with 
divided contents. B, Phycopeltis epiphyton Millard, (after Millardet, x 225), 
showing a number of empty gametangia. OE, Gomontia Aegdgropilae 
Acton (after Acton); C and D, parts of penetrating system (x400); E, 
akinete ( x 645). 


Several sp. of the genus are marine. The only freshwater sp., so far 
recorded in this country, is G, Aegagropilae Acton inhabiting the dead 
cells of Cladophora holsatica “balls” in Loch Kildona, S. Uist, 
Hebrides; the only method of reprod. observed was by means of 
akinetes, but zoosp. evidently also occur (fig. 79, C-E). 

^ These were first described by Lagerheim (Ofvers. K. Sv. Vet.-Akad. 
F6rhandl. xlii, 1885, No. 8, p. 21) as a species of Codiolum, 
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Sub-family 3. Trentepohlieae 

Terrestrial; chloroplasts several, without pyrenoids; cells 
with haematochrome. 

Trentepohlia Martins, 1817^ {Chroolepus Agardh, 1824). 
Thallus aerial, usually orange-red or yellowish in colour, attached 
to rocks, tree-trunks, or wood-work, composed of prostrate and 
projecting systems, the latter sometimes much reduced ; filaments 
richly branched, branches alternate and generally slightly 
attenuated, all of the same diam., growth mainly apical. Cells 
cylindrical, moniliform, or torulose, uninucleate or older cells 
with several nuclei; walls of cellulose, usually thick, stratified, 
with parallel or divergent layers, the free ends of the apical cells 
often covered by caps of pectose, transv. walls often with a single 
large pit; chloropl. numerous, discoid or band-shaped, without 
pyrens.; red or orange-red haematochrome usually present in 
the cell-sap. 

Reprod. by akinetes set free by the breaking up of parts of 
the thallus, and by flattened or ovoid 2- or 4-ciliate swarmers 
formed in special ellipsoid or ovoid sporangia of three kinds. 
These are : (a) stalked sporangia (fig. 3, G), which arise terminally 
or laterally and are formed by the cutting off of a tubular out- 
growth arising from the somewhat enlarged supporting cell, the 
septum developing concentric thickening rings and splitting 
(fig. 3, C) so as to detach the wind-dispersed sporangium; 2- or 
4-ciliate zoosp. are formed on subsequent moistening; (6) ses- 
sile sporangia (fig. 80, B-E), which are terminal, lateral, 
intercalary, or rarely axillary and are formed merely by enlarge- 
ment of a cell without thickening of the septum; they do not 
become detached and always produce 2-ciliate swarmers which 
in some eases at least behave as isogametes 2; (c) Brand’s “ funnel- 
sporangia” formed from the apical part of a terminal cell, the 
septum lying between two superposed thickening rings and the 
outer layer of the original cell-wall splitting at the level of the 
septum, these sporangia likewise becoming detached at maturity. 
The sporangia open by a terminal or subterminal pore. 

Sp. of Trentepohlia are most abundant in damp tropical or sub- 
tropical climates, occurring profusely as epiphytes on the leaves and 

^ Wille, 1887, p. 426; Meyer, Bot. Zeit. lxvii, 1909, p. 25; Brand, 
Beihefte Bot. Centralbl. xii, 1902, p. 200; Brand, Ber. Deutsch. Bot. Ges. 
XXVIII, 1910, p. 83; Senn, Verb. Schweiz. Naturf. Ges.- Solothum, xciv, 
1911; West and Hood, New Phytol. x, 1911, p. 241; Geitler, Osterr. Bot. 
Zeitschr., 1928, p. 76. 

* The underlying cell often grows subsequently into the empty sporangium 
either forming a new sporangium or a branch. 
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bark of trees; they are also found commonly in mountainous regions, 
which is indeed their chief habitat in the Brit. Isles. They form the 
algal component of a number of Lichens (e.g. Gr aphis). Only four sp. 
are certainly recorded from Great Britain. Of these the most abundant 
is T. aurea Mart, which occurs principally in mountainous districts, 



Fig. 80. A~C, Trentepohlia aurea (L.) Mart. var. lanosa Kiitz., from 
Cookridge, W. Yorks ( x 500). D~F, T. calamicola (Zell.) De Toni, from trees 
near Lough Gartan, Donegal, Ireland (x 500). 2 g, sporangium. 

chiefly attached to the windward side of rocks, particularly Carboni- 
ferous limestone or Silurian rocks. It forms broad expanded sheets 
of a bright red or orange-red colour; filaments 10-20 br. (cf. fig. 80, 
A-C). T. umbrina (Kiitz.) Bornet, in which the projecting system is 
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little developed and which is found on tree-trunks and wood- work, 
and T. calamicola (Zeller) De Toni et Levi (filaments 7*5-10 br.) (fig. 
80, D-F) are considerably rarer. T. odorain (Ag.) Wittr., which West 
(1904, p. 95) regarded as synonymous with T. umbrina, is likewise 
rare. 

Phycopeltis Millardet, 1870^ (Ilansgirgia De Toni, 1889) is as yet 
unrecorded for the Brit. Isles, but P. epiphyton Millard, (fig. 79, B) is 
not an uncommon epiphyte on leaves of Ahies\ Hedera, RubuSy etc. 
on the continent, forming greenish or orange-yellow specks due to a 
compact 1 -layered disc-like stratum. Reprod. is effected by 2-ciliate 
ovoid zoosp., formed in stalked detachable sporangia terminal on 
short upright filaments, and by smaller 2-ciliate gametes' produced 
from the central cells of the disc. 

Family 3. COLEOCH AETACEAE 

This includes the single genus 

Coleochaete de Brebisson, 18442. Thallus aquat., epiphytic, 
often enveloped in mucilage, appearing either as hemispherical 
cushions composed of prostrate and projecting threads with 
apical growth, or more commonly as 1 -layered discs without 
projecting threads and showing marginal growth; the discs 
consist of branched filaments which radiate from a central 
point and either form a compact layer or are partly not in 
lateral contact. Cells uninucleate, with a single parietal chloropl. 
of irregular shape having one or two large pyrens. Many of the 
cells bear characteristic sheathed setae originating as a protru- 
sion of the wall ; the outer layers soon rupture and form the basal 
sheath, whilst the inner layers lengthen to produce the actual seta 
which contains a slender thread of cytoplasm (cf. figs. 68, A; 81). 

Asex. reprod. is effected in spring and early summer by large 
ovoid 2-ciliate zoosp. (fig. 68, D) formed singly from the contents 
of the ordinary cells and escaping through a round orifice. In 
germination the zoosp. divides either horizontally into two cells 
of which the upper forms a hair whilst the lower divides in two 
directions to form the disc (C. scutata), or vertically into two 
cells which constitute the centre from which the creeping threads 
develop. 

The sexual repjod. takes place from May to July and shows 
an advanced type of oogamy. In C. pulvinata the oogonia 
appear as flask-shaped structures provided with a long neck 
(trichogyne) containing only colourless cytoplasm; they are 
borne terminally on short side branches of the projecting 

^ Millardet, Mem. Soc. sc. nat. Strasbourg, vi, 1870, p. 42. 

\ Pringsheim, Jahrb. Wiss. Bot. ii, 1860, p. 1 ; Jost, Ber. Deutsch. Botv 
Ges. XIII, 1895, p. 488; Oltmanns, Flora, lxxxv, 1898, p. 1; Chodat, Bull. 
Herb. Bbissier, vi, 1898, p. 457. 
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system, but are later often pushed into a lateral position by the 
development of a branch from the underlying cell. In the 
discoid forms, where they appear as bulging hemispherical 
structures with the neck represented at best by a papilla, their 
position is similarly terminal. Here they originate by enlarge- 
ment of occasional marginal cells, those not involved continuing 
the peripheral growth of the disc. The oogonia therefore later 
appear intramarginal and, since two or more series may develop 
consecutively, they occur in rough concentric zones. 

The antheridia of C. pulvinata are borne in clusters at the ends 
of projecting branches (fig. 68, A, a) from whidi they are cut off 
as small colourless cells, and they occupy an analogous position 
at the margin of the disc in most of the discoid species. In 



Fig. 81. Coleochaete scuiata Br^b. (x 100), from Welsh Harp, Middlesex. 

C. scutata, however, they originate by repeated division of any 
cell and here alone the resulting speirnatozoids are green; in 
all other cases they are colourless. Each antheridium produces 
only one 2-ciliate sperm atozoid which is liberated by rupture 
of the apex and gains access to the ovum by gelatinisation of the 
tip of the neck or papilla. 

After fertilisation the oospore becomes surrounded by a wall 
and enlarges considerably. At the same time the oogonium 
becomes overgrown by threads originating from the adjacent 
cells and ultimately forming a complete pseudoparenchymatous 
investment (fig. 68, A, o); in the discoid types this envelope is 
formed only on the side away from the substratum. A thick 
brown membrane then develops around the oospore and, 
according to Oltmanns, this is formed partly from the oogonial 
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wall and partly from the inner membranes of the investing cells. 
After the winter period of rest the contents of the oospore 
divide into two by a wall at right angles to the long axis of the 
original oogonium and each half divides further into 8 or 16 cells ; 
the envelope is then burst (fig. 68, B) and each cell gives rise to 
a zoospore (fig. 68, C) differing considerably from that formed 
by the ordinary thalli. It would seem that in some cases these 
zoospores only produce dwarfed thalli^ which are purely asexual, 
but it is uncertain how far this is the rule. Allen showed that 
reduction takes place at the first division of the oospore. 

The sp. of Coleochaete occur attached to the submerged organs of 
various aquat. and marsh plants, sometimes appearing to the naked 
eye as tiny green specks. Six sp. are recorded for the Brit. Isles. The 
most abundant are C. scutata Br^b. (fig. 81) and C. soluta Pringsh. 
The former possesses a compact discoid thallus, whilst in the latter 
there are distinct dichotomously branched filaments radiating in one 
plane from one or more central cells. In either case the diam. of the 
disc scarcely exceeds 700-800 p,, the cells averaging 10-23 /x in breadth. 
C. orbicularis Pringsh. forms a circular disc, reaching a diameter of 
4 mm., in which the filaments are very closely packed and the cells 
rather small (8-12 br.). C. irregularis Pringsh. has a more or less 
parenchymatous thallus in which the branching is very irregular. 
C. Nitellarum Jost is endophytic in the cell -membranes of Characeae 
and has very thin cell-walls. C. pulvinata A. Br. (fig. 68) forms hemi- 
spherical cushions, commonly 2-4 mm. in diam., but occasionally 
greatly exceeding these dimensions; it differs from all the preceding 
in the abundant formation of projecting threads, the cells being 
20-25 br. and 1-3 times as long. This sp. is more frequently observed 
with sexual organs than any of the others. All the sp. are readily 
eaten by pond-snails of the genera Limnaea and Planorbis, 


Family 4. CHAETOPELTID ACEAE 

The Algae comprised in this family are probably not closely 
related to one another, but until their .affinities are more clearly 
established it is convenient to class them together. They are all 
reduced aquatic forms, the only common characteristic lying 
in the development of one or more setae from the membranes 
of the cells; in some genera the setae have a basal sheath. The 
majority of the forms here included are epiphytes and, although 
a few are free-floating, none are planktonic; several are reduced 
to a practically unicellular condition. There is usually a single 
parietal chloroplast.' Reproduction by zoospores has been ob- 
served in several cases; no special sporangia are differentiated. 

^ cf. Lambert, Tufts College Studies, in, 1910, p. 61. 
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Sub-family 1. Chaetopeltideae 

Setae unbranched, without a basal sheath. 

Chaetopeltis Berthold, 1878^ (inch Myxochaete Bohlin, 1894). 
Thallus epiphytic, a flat almost circular plate, usually of a single 
layer of cells more or less radiating from the centre, enveloped 
by mucilage and with marginal growth ; from the upper surface 



Fig. 82. A-C, Dicranochaete reniformis Hieron., from Harborne, Birming- 
ham (after Hodgetts, A and C x860, B x600); B, cell which has dehisced 
to allow of the escape of zoospores; C, zoospores. D-E, Chaetopeltis orbi- 
cularis Berthold (after Berthold) ; D, part of a large thallus ( x 175) ; E, a few 
cells in section (x 825). F, Oligochaetophora simplex G. S. West (after West, 
x240), from Lough Gartan, Donegal, Ireland. G, Pleurococcus Naegelii 
Chod. (after Chodat, x480). 


arise a number of scattered mucous setae which are simple and 
of considerable length, but they may be absent. Cells with thick 
gelatinous walls and a single parietal, often much lobed and 
perforated, chloropl. with a single pyren. Reprod. by 4-ciliate 
ovoid zoosp., 2-8 of which arise from a cell, and by 2-ciliate 
isogametes. 

^ Berthold, 1878, p. 215; Moebius, Ber. Deutsch. Bot. Ges. vi, 1888, 
p. 242; Huber, 1892, p.'297; Borzi, Stud. Algologici, ii, 1895, p. 329. 
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C. orbicularis Berthold (fig. 82, D, E) is not uncommon in this 
country as an epiphyte on stems and leaves of aquatic Phanerogams ; 
the thallus varies greatly in size, sometimes reaching 1 mm. in 
diameter. 

Polychaetophora W. & G. S. West, 1908^. Free-floating, 
uniceU. or more usually composed of short, loosely connected 
filaments of six or eight cells. Cells subglobose, ellipsoid, or 
ovoid, with exceedingly thick and lamellose walls bearing 8—12 
long delicate flexuose setae attenuated to fine points and radiat- 
ing in every direction; walls sometimes with a large stratified 



Fig. 83. Polychaetophora lamellosa W. & G. S. West, from Cirencester, 
Gloucestershire ( x 370). 


outgrowth on one side. Chloropl. single, bright green, sometimes 
distinctly parietal, but frequently subcentral and filled with 
oil-globules; pyrens. doubtful. Multiplication by div. of the cells 
in two directions. 

P, lamellosa W. «& G. S. West (fig. 83), the only sp., has been found 
in Gloucestershire among Tolypothrix pygmaea; cells 19-35 br.; walls 
2*8-10-5 thick; setae 86-183 long. 

Oligochaetophora G, S. West, 1911®. Epiphytic, the subglobose 
or ovoid cells loosely aggregated to form very small colonies 
with but a slight attachment to the substratum. Cell-wall very 
thin and homogeneous, bearing on the dorsal surface of the cell 
2-4 long flexuose setae. Chloropl. single, parietal, cup-shaped, 
with two or three small starch-granules. Reprod. unknown. 

1 West and West, 1903, p. 79; West, 1911, p. 88. 

» West, 1908, p. 279; West, 1911, p. 89. 
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O. simplex G. S. West (—Polychaetophora simplex G. S. West) (fig. 
82, F) is known from Lough Gartan, Donegal; cells 15-20 br.; setae 
50-210 long. It may be doubted whether it is generically distinct 
from Polychfietophora, 

Sub-family 2. Dicranochaeteae 

Setae devoid of a basal sheath, repeatedly forked. 

Dicranochaete Hieronymus, 1887^. Cells epiphytic, kidney- 
shaped or globose, rarely united into short rows, bearing a single 
forked seta (rarely several) of hyaline gelatinous pectic sub- 
stance, sometimes of considerable length. Chloropl. like an 
inverted watch-glass, with or without a pyren. ; cells uninucleate. 
Reprod. by 2-ciliate zoosp. (4-32 per cell) liberated by the detach- 
ment of a lid (fig. 82, B, C); the swarmers may occasionally 
behave as gametes and produce a 4-ciliate zygote which like 
the zoosp. soon comes to rest. Resting spores formed from the 
contracted cell-contents and enveloped by a thick membrane 
also known. 

The two sp., though rare, are both found in this country. D, reni- 
formis Hieron. (fig. 82, A), with kidney-shaped cells (10-35 br.; 6-13 
high) and the seta arising from the ventral notch, is known from 
various parts of the country having been first recorded by Hodgetts 
(loc. cit.) ; his specimens (var. laevis Hodgetts) lack the cone-shaped 
tubercles on the convex wall of the continental form. D. hritannica 
G. S. West has more or less globose cells (18-36 br.) with a thick 
lamellose wall and dorsally attached setae, and is probably epiphytic 
on Sphagnum, 


Sub-family 8 . Chaetosphaeridieae 

Setae provided with a basal sheath. 

Chaetosphaeridium Klebahn, 1892 2 . Epiphytic on larger Algae 
and other aquatics, generally as loose aggregates of small 
spherical cells, sometimes enveloped in mucilage and occasionally 
forming short creeping filaments ; in the latter case the cells are 
sometimes connected by short empty cylindrical tubes (utricles). 
Each cell bears on its free surface an often very long and delicate 
seta surrounded by a basal sheath which appears as a small 
conical projection from whose apex the seta emerges; the setae 
are fragile and commonly break off. Chloropl. parietal, plate- 
shaped, with one pyren. Div. of the cells sometimes takes place 
by a horizontal wall, the lower daughter-cell migrating to one 

^ Hieron 3 miU 8 , Cohn’s Beitr. z. Biol. d. Pfl. v, 1890, p. 851 ; West, 1912, 
p. 829; Hodgetts, New Phytol. xv, 1916, p. 108; Grove, 1920, p. 81. 

‘ Klebahn, Jahrb. Wiss. Bot. xxiv, 1892, p. 268; Hazen, 1902, p. 228. 
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side or developing a tubular outgrowth into which the proto- 
plasm passes, the apical part 
becoming cut off from the empty 
part (the utricle) behind. Re- 
prod. by zoosp., four of which 
are formed in a cell. 

C. globosum (Nordst.) Klebahn 
{Aphanochaete globosa Nordst.*) is 
widely distributed in the Brit. Isles, 
occurring chiefly in the Sphagnum- 
pools of permanent bogs. The cells 
are 11-18 br., loosely associated, 
and occasionally surrounded by a 
gelatinous envelope (fig. 84, A and 
B). In var. depressum the cells 
are much depressed (fig. 84, C). 

C. Pringsheimii Klebahn {=? 

Aphanochaete globosa var. minor 
Hansg.) is known from N. Yorks 
(West and West, 1901, p. 22); the 
cells are 9-11 br., there is no 
mucilage-envelope, and utricles West), from the New Forest, Hants, 
are generally well developed. Pos- ^ ^’70.) 
sibly the two sp. are merely forms of one. 

Conochaete Klebahn, 1898^. Epiphytic, composed of loosely 



Fig. 85. A, form of Conochaete comosa Klebahn, from the New Forest, 
Hants (x870). ch, chloroplast; o, oil-globule. 

^ G. S. West (1916 a, p. 208, fig. 186) subsequently described these 
figures as C. Pringsheimii Klebahn ; this sp. however, except in its f. confertOy 
usually shows well-marked utricles and the cells are smaller than those of 
C. globosum y which would appear to be the common British species. 

2 Borzi (Nuov. Notarisia, in, 1892, p. 50) founded a genus Nordstedtia 
based on Aphanochaete globosa Nordst. Klebahn, who compared NordstedPs 
original specimens with Borzi’s drawings of Nordstedtiay however, states 
that the latter represents an entirely different plant. 

3 Klebahn,. Jahrb. Wiss. Bot.xxv, 1898, p. 810; Westand West, 1908, p. 79. 



Fig. 84. A and B, Chaetosphaeridium 
^bosum^ (Nordst.) Klebahn ; A, from 
Esher Common, Surrey; B, from 
Bowness, Westmorland. C, C. globo- 
sum var. depressum (W. & G. S. 
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aggregated cells embedded in mucilage. Cells subglobose, 
markedly dorsiventral, often depressed, each with a number of 
long delicate setae radiating in all directions ; setae arising from 
the apex of a mammillate protuberance of the cell-wall or from 
the base of an elongated sheath. Chloropl. one or two per cell, 
each with one pyren. ; a prominent oil-globule often in the basal 
half of the cell. Reprod. by div. in two directions and by zoosp., 
four or eight formed from each cell. 

The two Brit. sp. are both exceedingly rare. C. comosa Klebahn 
(fig. 85) has cells 13-26 br. bearing 3-5 setae sheathed at the base. 
In C. polytricha (Nordst.) Kleb. the cells are 10-16 br. and the setae 
arise from the apices of mammillate protuberances of the stratified wall. 

Family 5. PLEUROCOCCACEAE 

This includes only the genus 

Pleurococcus Meneghini, 1842; emend. Naegeli, 1849^ (Pro- 
tococcus Agardh, 1824, in part). Terrestrial (and aquat.??), 
unicell., cells when mature isolated and more or less globose, but 
frequently in groups of two, three, four, or more owing to slow 
rounding off of the products of div. In moist places short fila- 
ments showing simple branching are often produced as a result 
of div. mainly in one direction; these filaments readily arise in 
cultures. Cell- walls strong and firm; protoplast without visible 
vacuoles, containing one parietal more or less lobed, often massive 
chloropl.; a pyren. does not usually appear to be present, but 
there may be rare forms in which it occurs. Reprod. by vegeta- 
tive div. in three directions followed by subsequent separation 
of the cells ; 2-ciliate zoosp. and isogametes recorded, but highly 
doubtful. 

There is probably no other Alga about which there has been 
so much confusion as about the genus Pleurococcus, Many of the 
sp. that have been ascribed to it belong to Chlorococcum^ 
Chlorosphaera, Trebouxia (Cystococcus), or Chlorella, or even to 
other algal classes, and until relatively recent times many 
algologists have tended to describe as a sp. of Pleurococcus any 
globose unicellular form that could not be placed elsewhere, 
often without any evidence as to its detailed cell-structure or 
mode of reproduction. There is little evidence that unicellular 
forms, endowed with the capacity of Jimitless vegetative division, 
occur in other than terrestrial situations, and one may hazard 

^ Naegeli, 1849, p. 64; Chodat, 1913, p. 284; Wille, Nyt Mag. f. Natur- 
videnskab. li, 1918, p. 7; Pascher, 1915, p. 228; West, 1916, p. 1; Chodat, 
C. R. Soc. Phys. et d’Hist. nat. Geneve, xu, 1924, p. 105; Brand, 1925, 
pp. 823, 885. 
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a conjecture that all the aquatic “species” of Pleurococcus 
belong to other genera. Further, it is probable that the records 
of zoospores and gametes in the true terrestrial sp. of the genus 
are due to confusion with Chlorococcum and Trebouxia which 
often grow intermingled with Pleurococcm, although there is no 
prima facie reason why the latter should lack them. The cells of 
Pleurococcus can withstand desiccation without change (Fritsch, 
1922, p. 10) and there is no evidence of the occurrence of special 
resting-stages. 

It is still debatable whether there is more than one species of 




Fig. 86. A, Pleurococcus Naegelii Chod., from Cirencester, Gloucestershire; 
all the cells with a stellate chloroplast and pyrenoid do not belong here, but 
are forms of Trebouxia; p and the lowest group on the right-hand side may 
belong to another species of Pleurococcus possessed of pyrenoids. B, P. 
{ChUnococcum^t) rufescens (Kiitz.) Br6b. var sanguineus W. & G. S. West, 
from near ArnclifPe, W. Yorks. (All x 520.) chl^ chloroplast; pg, bright red 
pigment; py, pyrenoid. 

Pleurococcus of frequent occurrence in terrestrial situations. 
The common form has a somewhat lobed parietal chloroplast 
without a pyrenoid; there would, however, seem to be another 
similar Alga in which a pyrenoid is present. Possibly the two 
are but different races of the same species. The present writer 
is of the opinion that the majority of the stages figured by 
Chodat (1902, figs. 191-194) as P. vulgaris Menegh., as well as 
certain cells shown in fig. 86, A, belong to Trebouxia (Cystococcus)y 
with which there has certainly been much confusion in the past. 

Wille (loc. cit.), having examined the original specimens of 
Protococcus viridis Ag. in Agardh’s herbarium, found them to 
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be identical with Pleurococcus Naegelii Chod. (P. vulgaris Naeg.). 
Wille^ G. S. West, Chodat, and others have thereupon advocated 
readopting the name Protococcus for this common terrestrial 
genus, but to this there are prominent objections (cf. also Brand, 
1925, p. 324). The name Pleurococcus^ however much misused, 
is quite definitely associated in the minds of all botanists with 
the green powder-like growth covering tree-trunks and the like, 
whereas Protococcus is a synonym for the most diverse genera of 
green Algae, including Chlorococcales, Volvocales, etc.; in the 
words of G. S. West (1904, p. 230): “The latter genus is obsolete, 
having included Algae which are now referred to a number of 
other genera.” To resuscitate Protococcus would no doubt lead 
to further confusion, where confusion is already rampant. 

In a very valuable study of the unicellular aerophilous members 
of Isokontae as they occur in nature, Brand (1925, p. 336) regards 
as the type of the genus Pleurococcus the species P. vulgaris of 
Meneghini^. This was based on Chlorococcurn vulgar e of Greville^, 
but a perusal of the latter’s figures shows very few points of 
resemblance, except for the occurrence in both forms of vegeta- 
tive division. This last characteristic (with the resulting tendency 
of the cells to cohere in packets) was probably the principal 
feature in Meneghini’s concept of the genus Pleurococcus. The 
figures he gives of P. vulgaris are however evidently those of a 
Prasiola-\\\ie form, and Brand’s careful study of what is clearly 
the same Alga altogether confirms this view (cf. also loc. cit., 
p. 337). It may be doubted whether this form is generically 
distinct from Prasiola^ if it be not a stage in the development of 
a species of the latter. There is no evidence that it has so far 
been found in this country, and Brand speaks of it as rare. 

There does not appear, however, to be any valid reason for 
accepting this particular form as the type of Pleurococcus to the 
exclusion of all others. Greville’s figures of Chlorococcurn vulgare 
seem to indicate a parietal rather than an axile chloroplast (cf. his 
fig. 4), and in any case accord much better with the Pleurococcus 
vulgaris of Naegeli^ than with that of Meneghini. It would 
seem best therefore to transfer the P. vulgaris of Meneghini to 
Prasiolaceae and, if its independence be proved, to establish 
a new genus for it, whilst Pleurococcus remains for the Algae 
characterised by a parietal chloroplast and vegetative division. 
The commonly occurring form of this genus may well retain, to 
avoid confusion, the name P. Naegelii which Chodat has given 
to it. Brand (1925, p. 344) has given a careful description of this 

^ Monogr. Nostoch. Ital., 1842, p. 88, tab. V, fig. 1. 

* Scott, Crypt. Flora, E^nburgh, v, 1827, p. 262. 

* Naegeli, 1849, p. 65, tab. IV, E, fig. 2. 
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species under the name Desmococcus vulgaris, but for the reasons 
just mentioned a new name is regarded as unnecessary. 

In placing Pleurococcus amongst Chaetophorales the writer is 
following the practice advocated by Chodat^ and Oltmanns 
(1922, p. 804) which is no doubt a sound one. In cell-structure 
it perhaps sta;nds nearer to Chaetophoraceae than to Trente- 
pohliaceae, but Pascher’s Iwanqffia (cf. p. 175) shows that the 
Chaetophoraceae also have terrestrial representatives. It may 
be doubted whether Pleurastrum insigne Chod. (Pseudopleuro- 
coccus vulgare Snow)^ is more than a stage of Pleurococcus, 

P, Naegelii Chod. (P. vulgaris Naeg. non Meneghini; Protococcus 
viridisAg . ; Chlorococcum vulgare Greville ; Desmococcus vulgaris (Naeg.) 
Brand) is one of the commonest Algae, occurring in great profusion 
in all kinds of damp situations, usually as a thin green incrustation 
on the windward side of stones, walls, palings, tree-trunks, etc. The 
chloroplast is a massive lobed plate without (or sometimes with?) a 
pyrenoid; cells 9-20 br. (figs. 82, G; 86, A, in part). Another possible 
sp. is P. dissectus (Kiitz.) Naeg. 

P. rufescens (Kiitz.) Br6b. is probably a sp. of Chlorococcum; the 
cell-contents have a brick-red colour owing to the presence of haema- 
tochrome which usually appears dissolved in an oil. This form has 
a preference for calcareous rocks; the var. sanguineus W. & G. S. West 
has been observed in the limestone districts of W. Yorks, forming 
large brilliant blood -red patches on those stones and rocks in the beds 
of streams which could not be displaced by the current and are often 
left dry; cells 11-20 br. 

According to Paulson® Pleurococcus is the algal constituent of 
certain sp. of the Lichen Derinatocarpon. 


GROUP 5. OEDOGONIALES 

The Oedogoniales are a sharply circumscribed group affording 
but few points of affinity with other Isokontae. Whatever the 
ancestry, no intermediate forms have lasted to the present day. 
Like the Conjugatae they are an essentially freshwater group, 
playing a very important role nearly all the world over in the 
algal vegetation of smaller pieces of water; the peculiar Oedo~ 
cladium* is however terrestrial. The remaining genera, Oedo- 
gonium and Bulbochaete, together include more well-established 
species® than any two other genera of filamentous Green Algae; 

^ Bull. Herb. Boissier, ii, 1894, p. 616. 

* Snow, Ann. of Bot. xiii, 1899, p. 189; Chodat, Bull. Herb. Boissier, 
VII, 1899, p. 827. 

* Trans. Brit. Mycol. Soc. vii, 1921, p. 46. 

* Not yet recorded in the British Isles. 

® An excellent monograph of the group has been compiled by Him (Act. 
Soc. scient. Fennicae, xxvii, 1900 and xxxiv, 1906). 
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since however specific distinction is almost entirely based on the 
characters of the sexual organs, determination of sterile material 
is usually impossible. 

Oedogonium consists of long unbranched threads, generally 
free-floating in the mature condition, but attached by a specially 
modified basal cell (fig. 87, B) when young; in species inhabiting 



Fig. 87. A, single cell of Oedogonium sp. showing the large nucleus n, and 
the reticulate chloroplast (after Schmitz, x700). B, O. conccUenalum 
Wittr. (after Him, x 300) and C, O. rufescens Wittr. (after Scherffel, x400), 
germinating zoospores. D, upper ena of an Oedogonium-cell (after Stras- 
burger) showing the ring of thickening. E, two cells of Oedogonium^ the 
lower in process of division (after van Wisselingh, x485). w, nucleus; 
r, thickening ring; s, septum. 


flowing water the basal attachment naturally persists. Bui- 
bochaete, on the other hand, is richly branched (fig. 92), the 
branches being unilateral, and each cell bears a long colourless 
hair with a bulbous base; the terminal cells have two such 
hairs. Bulbochaete is smaller than Oedogonium and generally 
attached. In Oedocladium^, which inhabits damp mud, there is 
a branched creeping filament sending colourless rhizoids into the 

^ Stahl, Jahrb. Wiss. Bot. xxiii, 1891, p. 889; Collins, Tufts Coll. Stud. 
IV, No. 7, 1918. p. 71. 
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substratum and bearing erect green branched threads on its 
upper side. The cells in all cases contain a single, often large 
nucleus and an elaborate reticulate cylindrical chloroplast with 
narrow subparallel meshes^ and numerous scattered pyrenoids 
(fig. 87, A); the cell- wall is usually not conspicuously thickened 
and but scanty formation of mucilage occurs. 

One of the outstanding characteristics of the Oedogoniales 
lies in the peculiar method of growth of the cell-wall. Some time 
prior to division of a cell of Oedogonium^ a transverse ring of 
thickening appears at the upper end, just beneath the septum 
(fig. 87, D); in optical section the fully developed ring is seen to 
consist of a central (mucilaginous?) portion and a firmer bound- 
ing layer of cellulose adjoining the protoplast and intimately 
concrescent with the inner layer of the old membrane above and 
below the ring. Nuclear division is followed by the formation, 
across the middle of the cell, of a septum which however for 
some time remains unconnected with the longitudinal walls* 
Soon after, the cell-membrane breaks across transversely at 
the level of the ring and the latter gradually becomes stretched 
to form a new cylindrical piece (fig. 87, E), intercalated between 
the parts (cap and sheath) of the old wall; simultaneously the 
septum becomes displaced upwards, till it takes up a permanent 
position near the edge of the lower part of the ruptured wall. 
The upper of the two daughter-cells has a wall formed mainly 
from the stretched thickening ring, but at its top end there is 
a slightly projecting “cap” constituted by the small part of 'the 
original membrane left above the point of rupture ; the lower cell 
is almost entirely encased in the “sheath” formed by the lower 
part of the old cell-membrane. “Cap-cells” usually divide 
repeatedly, exhibiting as many caps as there have been divisions, 
and the presence of such cells is a safe criterion for the recogni- 
tion of a species of Oedogonium, In most cases (cf. however 
p. 220) the young plant derived /rom a zoospore divides after 
this manner from the first. 

In Oedogonium growth is intercalary, cap-cells arising at 
variable intervals in the course of the threads, but in many 
species of Bulbochaete it is strictly basal and not more than one 

' According to unpublished observations of Dr Nellie Carter on an 
undetermined species of Oedogoniumy the chloroplast may here consist 
either of a greatly attenuated network or, at the other extreme, of an almost 
entire cylinder. There may also be prolongations invading the cell-cavity, 
as in CUidophora, 

* Him, loc. cit., 1900, p. 5, and 1906, p. 2; Fritsch, Ann. of Bot. xviii, 
1904, p. 662; Kraskovits, Sitz.-ber. K. Akad. Wiss., Wien, Mat.-Nat. Kl., 
cxiv, 1905, p. 287; v. Wisselingh, Beihefte Bot. Centralbl. xxiii, 1908, 
Abt. 1, p. 167. 
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cap is usually formed on a cell^. In the unicellular plant de- 
veloped from the zoospore a small colourless hemispherical cell 
is cut off apically by an ordinary septum; the external wall of 
this cell is ruptured (being turned to one side like a lid) and its 
contents, secreting a new membrane, grow out as the first hair. 
The cell below develops a thickening ring at its upper end and 
divides as above described for Oedogonium ; the lower cell sooner 
or later again divides and thus a multicellular main axis origi- 
nates in which the oldest cell is at the top and the youngest next 
to the basal cell. Each cell, after its formation, grows out 
slightly at its apex towards one side or the other, and this pro- 
trusion is cut off as a colourless cell; its contents lengthen into 



Fig. 88. A and B respectively show two stages in the escape of the zoospore 
of Oedogonium concatenalum Wittr. (after Him, x260). 

a hair as above described, the ruptured wall forming an irregular 
sheath around the base (not shown in fig. 92). The terminal cell 
therefore bears two, the other cells one hair each. Each cell of 
a Bulbochaete thus has a plane base, whilst the upper end is 
composed of two faces forming an obtuse angle with one another, 
the one bearing a hair, the other the next cell of the thread 
(cf. fig. 92). At more or less numerous points rings of thickening 
are formed below the septa which cut off the hairs; the ensuing 
division leads to the cutting off of a lateral cell, the first one of 
a branch which likewise exhibits basal growth. In Oedocladium 
growth is apical, but there is a tendency for the caps to drop 
off after some time. 

^ Pringsheim, Jahrb. Wiss. Bot. i, 1858, p. 20; Him, loc. cit., 1900, p. 10. 
In some species with elliptical oospores, however, intercalary growth occurs 
as well. 
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The peculiar method of cell-enlargement thus found in all 
Oedogoniales finds a slight parallel in the early growth of the 
young plants of some species of Microspora (cf. p. 164), but 
there are marked differences. 

Apart from the usual fragmentation, prolific reproduction 
takes place by means of large multiciliate zoospores, always 
produced singly from the ordinary cells Their development 
takes place rapidly and the stages are readily followed. A slight 
contraction of the protoplast is succeeded by the appearance 
towards one side of a colourless patch, around whose base the 
arising cilia are seen as fine striae. Soon the cell-wall ruptures 
near one end, the two halves gape apart, and the zoospore 
slowly glides out (fig. 88, A). At the time of liberation it is 
momentarily enveloped by a delicate mucilage-vesicle, but this 
soon vanishes. The zoospores are almost spherical or pyriform 
and deep green, but there is a well-marked colourless beak 
around the base of which the usually short ^ cilia arise (fig. 88, B) ; 
an eye-spot is often distinguishable. In the majority of cases 
(cf. however p. 220) it is the anterior end of the zoospore that 
becomes adpressed to the substratum and that develops into 
the often richly lobed disc (fig. 87, B) by which attachment is 
effected®. In Oedocladium vegetative multiplication by means 
of short rows of two, three, or more cells (akinetes) filled with 
food-reserves also occurs. 

I Sexual reproduction appears to take place readily in many 
species and is of an advanced oogamous type^. Oogonia and 
antheridia are produced in the same thread in some species of 
Oedogonium (fig. 89) and Bulbochaete, but the majority are 
dioecious; most of these (nannandrous species) exhibit a curious 
dimorphism of the sexual plants, the oogonia being produced 
in the ordinary threads, the antheridia in special “dwarf-males” 
consisting at the most of only a few cells (fig. 91, n). These 
dwarf-males originate from a special type of swarmer, called 
an androspore, produced singly within flat discoid cells (andro- 
sporangia) formed by repeated transverse division of the ordinary 
cells. These androsporangia occur either in the same filaments 
as the oogonia (gynandrosporous species) or in distinct filaments 
(idioandrosporous species). TJhe androspores are smaller than 
the zoospores and sometimes yellowish in colour, but otherwise 

^ cf. Pringsheim, loc. cit., p. 25; Klebs, 1896, p. 264 et seq. 

^ Hodgetts (New Phytol. xix, 1920, p. 258) has described zoospores of 
Oedogonium cryptoporum with relatively long cilia. 

* cf. Wille, 1887, p. 4.54; Fritsch, Ann. of Bot. xvi, 1902, pp. 412 and 467, 
and XVIII, 1904, p. 648; Scherffel, Ber. Deutsch. Bot. Ges. xix, 1901, p. 557. 

* See especially Pringsheim, loc. cit., p. 29; Juranyi, Jahrb. Wiss. Bot. 
IX, 1873, p. 1 ; Klebahn, ibid, xxiv, 1892, p. 285; Him, loc. cit., 1900, p. 17. 
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show the same characteristics. At the end of their brief swarming 
period they settle down either on an oogonium or on one of the 
adjacent cells and germinate to produce a minute plant which 
has a rhizoid-like attachment and very soon proceeds to form 



Fig. 89. Monoecious species of Oedogonium, A, a form of O. obsoleium 
Wittr., from near Goring, Oxfordshire. B, O. zig-zag Cleve var. robustum 
W. & G. S. West, from Harefield, Middlesex. C, O. Itzigsohnii De Bary var. 
minor West, from the Orkneys. D, O. Ahlstrandii Wittr., from Pilmoor, 
N. Yorks (x460). oo, oogonium; a, antheridium. 

antheridia; in a few species of Oedogonium the dwarf-male 
remains unicellular (fig. 91, B) producing two spermatozoids 
from its contents. 

The antheridia are flat cells (fig. 89, a) resembling the andro- 
sporangia and formed in the same way. The number of consecu- 
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tive antheridia is variable, but to some extent characteristic of 
species; in the dwarf-males from one to four of them may be 
formed. In most cases the contents of each antheridium divide 
to form two spermatozoids which usually lie side by side, though 
superposed in the antheridia of the dwarf-males ; the production 
of only one spermatozoid is rarer. The sperms resemble miniature 



Fig. 90. Dioecious macrandrous species of Oedogonium. A, male plant of 
O. rufescens Wittr., from the Scilly Isles. B, female of same. C, female 
thread of O. lautumniarum Wittr., from Welsh Harp, Middlesex. D, male 
thread of same (x460). oo, oogonium; a, antheridium. 

pale green or yellowish zoospores and are liberated in the same 
way as the latter. 

The oogonia in the vast majority of cases represent promi- 
nently enlarged cells (figs. 89, 90). InOedogoniumsindOedocladium 
they are formed by a single division of a cap-cell, the upper 
segment during the stretching of the thickening ring undergoing 
more or less distention to form the oogonium; the underlying 
sheath-cell is known as the “supporting-cell” and may in some 
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species undergo further segmentation to form rows of two, three, 
or even more oogonia (fig. 91, A). In Bulbochaete two divisions 
are involved in the production of an oogonium, which conse- 
quently has two supporting-cells. After the first division the 
septum becomes fixed at the middle of the sheath (cf. p. 214), 
so that the membrane of the upper segment is formed by a short 
cylindrical piece of the latter and abov^e that by the stretching 
thickening ring which is becoming bulged out to form the 
oogonium. A second thickening ring then develops in the 
median region of the young oogonium followed by a transverse 
rupture of the wall at this point; the septum formed in connec- 
tion with this second division lies on a level with the top of the 
first-formed sheath, so that both supporting-cells are included 
in the latter. This curious development is responsible for the 
fact that the wall of the mature Bulbochaete oogonium can 
nearly always be seen to consist of three pieces (fig. 92, A). 

The contents of the oogonium contract to form a single ovum 
which, opposite the point of opening, exhibits a well-marked 
colourless receptive spot (fig. 3, H). In all species of Bulbochaete^ 
in Oedocladiurn, and many speeies of Oedogonium the oogonia 
open by a small pore formed by gelatinisation of the tip of a 
papilla; its position is of taxonomic importance. In some 
species of Oedogonium, however, opening is effected by a trans- 
verse split (operculum) in the wall and a thin membrane deposited 
on the inner side of the latter forms a definitely shaped conduit, 
with a more or less circular aperture, leading down to the ovum. 
In the few cases in which the life-history has been studied a small 
quantity of slimy protoplasm is extruded from the mature ovum. 

The oospores develop a thick, usually three-layered membrane 
and the contents often assume a red colour; they pass through 
a prolonged resting period. On germination (only observed in 
a few cases) the contents are set free still enveloped in a delicate 
membrane and give rise by division to four ordinary zoospores 
(fig. 3, I) which lose their red colour during swarming. 

Among many peculiarities the most striking feature of the 
Oedogoniales is no doubt their dwarf-males. In several macran- 
drous species of Oedogonhim, however, the male threads are 
narrower than the female (cf. fig. 90, A and B). There is moreover 
an occasional tendency for the young plants of Oedogonium 
arising from zoospores to develop antheridia precociously. Such 
cases may indicate the way in which this habit has arisen^. The 
androspores have, however, also been regarded as prematurely 
liberated sperm mother-cells ^ and, in the case of O. diplandrum 

^ cf. Fritsch, Ann. of Bot. xvi, 1902, p. 478; West, 1912, p. 322. 

* cf. .Turanyi, loc. cit., p. 27; Oltmanns, 1922, p. 840. 
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where the dwarf-males are unicellular, their division would only 
be deferred by the intervening swarming period. Pascher^ 
regards the macrandrous species as more specialised than the 
nannandrous ones. 

Even if such special characteristics as the dwarf-males and 
the peculiar growth of the cell- wall be ignored, the Oedogoniales 
present few points of contact with other filamentous Green Algae. 
The large zoospores, the elaborate chloroplast, the hairs of 
Bulbochaete, and the complex female organs are almost as 
peculiar and, although some authorities have compared the 
Oedogoniales with Cylindrocapsa^ the resemblanees on closer 
scrutiny appear superficial. The Oedogoniales probably had an 
origin distinct from that of either Ulotrichales or Chaetophorales, 
although it is unnecessary to seek it as far back as a separate 
flagellate ancestry, such as was assumed by those who established 
the class Stephanokontae for this group. 

The three genera are grouped in the single 

Family OEDOGONIACEAE 

Oedogonium Link, 1820. Filaments simple, unbranched, com- 
posed of cylindrical cells, sometimes slightly swollen (capitellate) 
at their upper ends; terminal cell usually rounded, but some- 
times acuminate or drawn out into a long hair. Cell-walls firm ; 
chloropl. with one or many pyrens. Reprod. by fragmentation 
and by zoosp. ; the latter on coming to rest either (a) attach 
themselves by the colourless beak which grows out into a simple 
or much lobed hapteron (fig. 87, B); or (b) flatten out laterally 
against the substratum to form a “hemispherical” basal cell 
from the convex surface of which a new thread gradually develops, 
the membrane of the basal cell at its point of origin becoming 
detached as a lid^ (fig. 87, C). 

Sex. reprod.: About half the known sp. are nannandrous, 
and rather more than half the macrandrous forms are monoecious. 
Oogonia with one supporting cell, spherical or ellipsoidal, rarely 
of the same width as the veget. cells, usually single, but some- 
times in twos or in rows, opening either by a pore or by a split 
(operculum), whose position in either case is characteristic of 
the sp.; oospore globose, ellipsoidal, or ovoidal, filling or not 
filling the oogonium, membrane smooth or more rarely ridged, 
spiny, punctate, reticulate, etc. Antheridia, cf. p. 217. Dwarf- 
males rarely unicell., usually with an elongated attaching cell 
and one or more flat antheridia®, each producing two superposed 

^ Pascher, Hedwigia, xlvi, 1906, p. 265, esp. p. 275. 

* cf. Scherffel, loc. cit. 

® Often interpreted as a uni- or multicellular antheridium. 
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Fig. 91. Dioecious nannandrous species of Oedoganium. A, a form of 
O. undulatum (Br^b.) A. Br., from Pilmoor, N. Yorks. B, O. cyathigerum 
Wittr., from Rawcliffe Common, W. Yorks. C, O. ciliatum (llass.) l*ringsh., 
from near Senens, Cornwall (x460). oo, oogonium; n, dwarf-male; o, nn- 
theridium. 
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spermatozoids. The cutting off of the antheridium either takes 
place by a simple septum (“ internal” antheridium, always 
single) or more commonly with the customary ring-formation, 
in which case the antheridium is covered by the cap (“external” 
antheridium). Wille^ has observed resting spores in some sp. 

The adult plants usually occur floating in masses in quiet waters 
or attached to various aquatics; as the mucous covering on the fila- 
ments is very slightly developed they do not feel as slimy as most 
filamentous Green Algae and afford a substratum for various 
epiphytes. In the autumn the cells are frequently packed with starch. 
There are about 80 Brit, sp., exhibiting great variation in dimensions; 
specific distinction is based on the characters mentioned in the above 
diagnosis and sterile material, with rare exceptions, is indeterminable. 
O. undulatum (Br^b.) A. Br. (fig. 91, A), however, possesses very 
characteristic undulate vegetative cells, whilst O. punctato-striatum 
De Bary has the cell- walls furnished with spirally arranged granules. 
Fructiferous specimens are found especially in small ponds and ditches 
and more commonly in the S. of England and the S.W. of Ireland 
than in other parts of Gt Britain. The smallest Brit. sp. is 
O. tapeinosporum Wittr. (2-7-5 br.) and the largest is O. giganteum 
Kiitz. (30-50 br.). The general characters of the oogonia and oospores 
will be gleaned from a study of figs. 89-91. In O. acrosporum De Bary 
there is a single terminal oogonium. Sometimes the supporting cell 
is much swollen, as in O. Borisianum (Le Cl.) Wittr. and O. latUum- 
niarum Wittr. (fig. 90, C). Special types are afforded by O. platygynum 
Wittr., where the oogonial wall is plicated, and O. Itzigsohnii De Bary 
(fig. 89, C), where it possesses a transversely disposed ring of conical 
projections. 

The time of maximum abundance of many sp. of this genus has 
been shown to coincide with the first spells of bright sunshine in the 
year (cf. Fritsch and Rich, 1913, p. 27; Hodgetts, 1921, p. 34), but 
that of others is more intimately related to the temperature. 

Bulbochaete Agardh, 1817. Filaments branched, usually 
attached; branches always unilateral on the relative main axis, 
those of successive axes on alternate sides, each cell bearing to 
one side or the other a long hair with a swollen base, the terminal 
cells with two hairs ; cells usually widening upwards and generally 
shorter than in Oedogonium, Reprod. as in the latter; re germina- 
tion of zoosp., see p. 215. 

Sex. reprod. : Most sp. are nannandrous ; the macrandrous ones 
are monoecious. Oogonia (cf. also p. 219) with two supporting 
cells, spherical or ellipsoidal, generally terminal on short lateral 
branches, opening by a more or less superior pore; oospores 
filling the oogonia, usually with a sculptured membrane. Dwarf- 
males mostly multicell., with “ internal” or “ external ” (cf. under 
^ Bot. Centralbl. xvi, 1888, p. 217. 
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Oedogonium) antheridia, commonly situated on the apices of the 
oogonia. 

The sp. prefer very still waters and occur as branched tufts, more 
often attached than in Oedogonium ^ they possess a quantity of en- 
veloping mucilage, affording a home for numerous Diatoms and often 
Desmids. The genus is not as abundant as Oedogonium and fructiferous 



Fig. 92. A, BuWochaete suhintennedia Elfv., from near Senens, Cornwall. 
B, B, Nordstedtii Wittr., from near Glendoan, Donegal, Ireland. C, B. nana 
Wittr., from Goring, Oxfordshire (x495). a, antheridiiim ; and, andro- 
sporangium; n, dwarf-male; oo, oogonium. 

specimens are relatively scarce. There are about 14 Brit, sp., of which 
B. nana Wittr. (10-15 br.) (fig. 92, C) is the smallest and JB. gigantea 
Pringsh. (24-82 br.) is the largest; the former sp. is macrandrous. 
In B, subintermedia Elfv. (fig. 92, A) and B, crassiuscula Nordst. the 
outer layer of the oospore membrane is scrobiculate, whilst in B, nana 
it is ridged. 
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GROUP 6. CONJUGATAE 

The Conjugatae are a well-defined group and very little 
experience is necessary to recognise one of its members, charac- 
terised as they are by the usual marked symmetry of the cell 
and an elaboration of the chloroplasts unparalleled in any other 
group. Apart from these characteristics, which are obvious 
already in the vegetative phase, the Conjugatae are further 
distinguished by the complete absence of motile reproductive 
elements^ and by 4he occurrence of a special type of sexual 
process, known as conjugation. In the vast majority of cases 
this consists in the fusion of the undivided protoplasts of ordinary 
vegetative cells. Otherwise reproduction is effected only by 
cell-division. 

Included in the group are two series, viz. the Zygnemales in 
which the vegetative body consists of an unbranched filament, 
and the Desmidiaceae in which the habit is prevalently uni- 
cellular. The latter however comprise two sets of forms whose 
relation to one another is by no means clear. In the one set, the 
Saccoderm Desmids {Mesotaenium^ Cylindrocystis, Spirotaenia^ 
etc. (fig. 98)), the cell-wall is composed of a single piece, is devoid 
of pores, and is usually ^ readily soluble in ammoniated copper 
oxide; in the Placoderm Desmids, on the other hand, the cell- 
wall consists of two (rarely more) pieces, is generally traversed 
by pores, and is differentiated into two layers of which the outer 
is little soluble in ammoniacal copper oxide. There are other 
differences between these two sets of Desmids which are not so 
sharply defined. Thus, in the Saccodermae the chloroplasts are 
on the whole of a less elaborate type than in the Placodermae 
(cf. figs. 93 and 102), and there is a tendency for the zygospore 
on germination to give rise to four individuals rather than to the 
two customary in the Placodermae. 

A fairly close affinity between the Saccoderm Desmids and 
the Zygnemales is apparent, but the relation of the highly 
specialised Placodermae to the others is by no means evident. 
There is no indication of how the complex wall-structure of the 
latter has been arrived at, and the possibility of an origin 
distinct from that of the other two series must be envisaged. 

^ This was the basis for the establishment of the class Akontae, but there 
is no reason to suppose that the Conjugatae were derived from non-motile 
forms. Many other Isokontae (Chlorococcales) are devoid of all motile 
stages at the present day. 

* Not in Spirotaenia according to Lutkemilller (Verh. Zool.-Bot. Ges. 
Wien, LV, 1905, p. 333). 
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One cannot feel sure that the undoubted resemblances are not 
due to homoplasy. The writer is therefore unable to share whole- 
heartedly either the views of G. S. West (1915, p. 80; 1916 a, 
p. 381) and Lutkemuller^ as to the close relation of Saccoderm 
and Placoderm Desmids, or those of Oltmanns (1922, p. 126) 
who regards the Mesotaeniaceae as descended from the an- 
cestral type from which both the Zygnemales and Placoderm 
Desmids originated along separate lines. 

It is believed that a clearer conception of the Conjugatae is 
obtained by the adoption of the following classification: 

Series I. Euconjugatae: Unicellular or filamentous; cell-wall of a 
single piece, without obvious pores; chloroplasts usually plate-shaped, 
stellate, or spiral. 

(a) Mesotaeniales (Saccoderm Desmids): unicellular or colonial. 

(b) Zygnemales: filamentous. 

Series II. Desmidiaceae (Placoderm Desmids): Unicellular or 
colonial; cell- wall of two or more pieces, generally provided with 
pores; chloroplasts commonly composed of a central body provided 
with radiating plates or processes. 

In the following the three subdivisions of Conjugatae will be 
considered separately. 

Series I. EUCONJUGATAE 
( a ) Mesotaeniales (Saccoderm Desmids) 

Here arc included a number of “Desmids” whose cell- 
structure is relatively simple and which are probably primitively 
unicellular, viz. Mesotaenium (fig. 93, D), Roy a, Cylindrocystis 
(fig. 93, H), Spirotaeniay and Netrium (fig. 93, K). The cells are 
commonly rod-shaped or oblong and withdut a median constric- 
tion, such as occurs so commonly in the Desmids proper. The 
smooth cell-wall is composed of a single piece^, and there is no 
evidence, direct or indirect, of the presence of pores. There is 
no differentiated outer layer, and the wall is usually readily 
soluble in an ammoniacal solution of copper oxide. 

The often prolific multiplication takes place by the formation 
of a transverse septum approximately across the middle of the 
cell; this septum arises, as in Spirogyra, as an annular ingrowth 
from the longitudinal walls^ and, by the subsequent dissolution 

^ Liitkemuller, Cohn’s Beitr. viii, 1902, p. 404. 

2 This fact can be established by careful microscopic investigation and 
thus a member of Mesotaeniales is readily recognised. 

» cf. Kauffmann, Zeitschr. f. Bot. vi, 1914, p. 738; West, 1915, p. 79; 
Puymaly, Comptes Rendus, clxxvi, 1928, p. 187. 


15 
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of the middle lamella, the two daughter-cells separate from one 
another^. In several of the terrestrial species of Mesotaenium 
and Cylindrocystis large numbers of individuals are found within 
a common mucilage-envelope which not uncommonly shows 
distinct strata representing the gelatinised outer layers of the 
membranes of successive generations. Puymaly (loc. cit.) has 
recently drawn attention to the fact that in Cylindrocystis 
crassa division takes place in (two or three) successive planes at 
right angles to one another. This marks a more primitive con- 
dition than that encountered in Placoderm Desmids, where 
division always takes place in the transverse plane only, and 
the question of its occurrence in other Mesotaeniales is worthy 
of investigation. 

The genera of Mesotaeniales present us with the three types 
of chlordplast-structure found in the cells of Zygnemales, viz. 
a flat plate with one or several pyrenoids in Mesotaenium 
(fig. 93, D-F), a pair of stellate chloroplasts each with a massive 
central pyrenoid in Cylindrocystis (fig. 93, H), and a spiral band 
twisting to the left with irregularly scattered pyrenoids . in 
Spirotaenia (fig. 93, A). Netrimn (fig. 93, K) has two chloroplasts 
resembling those of the Desmids proper and consisting of a 
central rod with a considerable number of radiating plates, often 
deeply notched at their edges; each chloroplast generally 
contains one much elongated pyrenoid. This type might have 
been derived from that of Cylindrocystis by elongation. The single 
nucleus is commonly found in the middle of the cell. 

Sexual reproduction is of frequent occurrence in species of 
Cylindrocystis and Mesotaenium and has been observed in all 
five genera, but in Netrium the details are not known. In the 
first two genera^ the conjugating cells, with their long axes 
parallel or at right angles to one another and usually embedded 
in mucilage, put out conjugation processes which meet end to 
end in the customary manner. By solution of the separating 
wall the conjugation canal is established and within this the 
contracted protoplasts meet and fuse ; at the same time a marked 
widening of the canal takes place, so that it is no longer very 
sharply defined from the membranes of the conjugating cells 

^ The method of growth of the cell subsequent to the completion of 
division is not altogether clear. G. S. West (1016 a, p. 363) speaks of one 
half of the cell being older than the other, but in another place (Monogr. 
Brit. Desm., Ray Soc. i, 1904, p. 37) we have “The individuals do not reach 
maturity by the mere growth of the younger half-cell, but there is a sub- 
sequent periodical growth, chiefly in length” (cf. also West, 1004, p. 154; 
West, 1915, p. 79; Liitkemuller, loc. cit. p. 391). 

* De Bary, 1858, p. 30; Kauffniann, loc. cit. p. 742; West, 1915, p. 80; 
Hodgetts, Journ. of Bot., 1920, p. 68. 
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(cf. fig. 93, 1). The zygote develops a thick several-layered wall 
and remains for a time at least surrounded by the joined mem- 
branes of the two gametes. The sexual process is altogether 
isogamous. 

The process of conjugation just described finds a parallel in 
certain species of Chlamydornonas, where the gametes are pro- 
vided with membranes and a kind of canal is established link- 
ing up the two cells prior to fusion. In fact the only intrinsic 
difference lies in the non-motility of the fusing individuals in 
a Conjugate and, as far as the process of conjugation is concerned, 
there is thus no difficulty in deriving the Mesotaeniales from an 
ancestry in common with that of other Isokontae^. 

In certain species of Spirotaenia (e.g. S, condensata Breb.) 
double zygospores are regularly formed-^, and such have also 
been recorded as an exception in Cylindrocystis Brehissonii, In 
these cases the contents of the eonjugating individuals divide 
into two and this is accompanied by a gradual gelatinisation of 
the wall until the four protoplasts are embedded in a common 
mass of structureless mucilage; thereupon the corresponding 
half-protoplasts fuse with the produetion of a pair of zygospores. 
No conjugation canals are formed in this case. 

Two successive nuclear divisions (of which the first is the re- 
duction division)^ occur in the germination of the zygospore 
which takes place after a period of rest. It would appear to bo 
the rule in the Mesotaeniales that four new individuals are 
constituted around these four nuclei, although only two arc 
formed in Spirotaenia^ and occasionally in Mesotaenium^, In 
Cylindrocystis the four chloroplasts of the gametes persist and 
are distributed to the offspring. The new cells are liberated by 
rupture of the zygospore-membrane. 

All five genera may be placed for the present in the single 

Family MESOl AENI ACE AE 

The key for the determination of the genera is, for the sake 
of convenience, included with that for the Desmidiaceae on 
p. 265. The British species will be easily determined with the 
help of W. & G. S. West’s excellent monograph®. 

Spirotaenia de Brebisson, 1848^. Cells straight or very 

1 cf. Blackman and Tansley, 1903, p. 45. 

^ Archer, Quart. Journ. Microscop. Sci. vii, 1867, p. 186; Liitkcinullcr, 
Osterr. Bot. Zeitschr. xlv, 1895, p. 91. 

® Kauffmann, loc. cit. p. 756. * Kaiiffmann, loc. cit. p. 765. 

® West, 1915, p. 80. * Kay Soc. i, 1904. 

’ Archer, loc. cit.; Liitkemuller, Osterr. Bot. Zeitsclir. xlv, 1895, p. 1, 
and Liii, 1905, p. 396. 
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slightly curved, oblong-cylindrical or fusiform, with rounded, 
truncate, subacute, or acute apices, frequently enveloped in 
mucilage. Chloropl. single, with one or many pyrens., always 
spirally twisted to the left, either parietal (sect. Monotaenieae 


Fig. 93. A, Spirotaenia condenscUa Br^b., from Rhiconich, Sutherland 
( X 334), showing parietal chloroplast. B, S. obscura Ralfs, from Terrington, 
N. Yorks (x435), showing the axile, cristate chloroplast. C, zygospore of 
S, trunccUa Arch. (x250, after Archer). D, Mesoiaenium De Greyi Turn., 
from near Settle, W. Yorks ( x 435). E and F, M, macrococcum (Kiitz.) Roy 
and Biss., from near Giggleswick, W. Yorks (x384). G, zygospore of M. 
chlamydospoTum De Bary, from Mayo, Ireland (x334). H and I, Cylindro- 
cystis Brebissonii Menegh., from Helvellyn, Cumberland; H, vegetative 
cell; I, zygospore (x435). J, Cosmarium diplosporum (Lund.) Liitkem., 
from Galway, Ireland (x435). K, Netrium Digitvis (Ehrcnb.) Itzigs. and 
Rothe, from Moel Siabod, N. VV^ales (x435). 

Rabenh.) (fig. 98, A) or axile with a variable number of spirally 
twisted ridges (sect. Polytaenieae Rabenh.) (fig. 98, B); nucleus 
excentric. Double zygosp. frequently produced. 

There are 14 Brit, sp., mostly occurring in peat-bogs, but none is 
common. 5. condensata Br6b. (18-27 br.; 150-270 1.) (fig. 98, A) 
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is the largest and most widely distributed, and S, closteridia (Br6b.) 
Arch, is the smallest (4-5-4*6 br.; 13-5 1.). All the sp. are very 
delicate with thin cell-walls, and most of them can only be identified 
with certainty from living specimens. The zygosp. are rarely met 
with and usually have an ornamented surface (fig. 93, C). 

Mesotaenium Naegeli, 1849^ (Pahnogloea Kiitzing, 1843). 
Cells cylindrical or subcylindrical, often in large numbers within 
a mass of mucilage, straight or slightly curved, apices usually 
broadly rounded. Chloropl. single (rarely two), a flattened axile 
plate extending from end to end of the cell and with one or 
several pyrens.; cells often with numerous oil-globules; nucleus 
very small, median, adpressed to the chloropl. Zygosp. generally 
polyhedral with thick brown walls yielding four or two indi- 
viduals on germination. 

Seven of the ten Brit. sp. occur as mucilaginous masses amongst 
Mosses and Hepatics, generally on wet rocks. The largest of these is 
M. De Greyi Turn. (15*5 30 br. ; 74-125 1.) (fig. 93, D) and the 
smallest M. macrococcum (Kiitz.) Roy and Biss. var. micrococcum 
(Kiitz.) W. & G. S. West (8-6 br. ; 13-5~15-3 1.). M. caldariorum 
(Lagerh.) Hansg. (10-5-11-5 br. ; 27-46 1.) is an attenuated sp. occur- 
ring in greenhouses as a thin mucous stratum on damp walls, etc., and 
is also recorded under trees in Wyre Forest. M. purpureum W. & 
G. S. West and M. violascens De Bary contain phycoporphyrin, the 
latter being not uncommon on the soil of heaths in the South of 
England. M. Endlicherianum Naeg. (8-5-9-5 br. ; 25-27 1.) is the most 
frequent of the free-floating forms. 

Cylindrocystis Meneghini, 1838^. Cells straight, cylindrical, 
usually about twice as long as wide, apices rounded or truncately 
rounded. Chloropl. axile, one in each half of the cell, substellate, 
with a large central pyren. and a varying number of radiating 
prolongations often flattened at the periphery. Zygosp. quad- 
rangular or spherical, yielding four individuals on germination; 
parthenospores also observed^. 

Of the five Brit. sp. the most abundant is C. Brebissonii Menegh. 
(15-18 br.; 43-55 1.) (fig. 93, H and I), which is found in quantity in 
upland Sphdgnum-bogs and in peaty pools. It sometimes occurs in 
pure masses both amongst Sphagnum and on wet peat. C. crassa 
De Bary is also found in Sphagnum-hogs and amongst other Algae 
and Mosses on wet rocks ; occasionally it inhabits damp soil, 

^ Naegeli, 1849, p. 108; De Bary, 1858, p. 30; West, 1915, p. 78. 

* Liitkemuller, Verh. Zool.-Bot. Ges. Wien, lxiii, 1918 p. 212; De Bary, 
1858, p. 85; Kauffmann, loc. cit. 

® cf. Borge, Bot. Notiser, 1913, p. 8. 
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Netrium Naegeli, 1849; emend. Lutkemiiller, 1902^. Cells 
straight, cylindrical, oblong-cylindrical, or fusiform. Chloropl. 
two in each cell (four in one sp.), composed of an axile rod with 
7-12 radiating longit. plates, usually deeply notched along their 
free edges (except N, interruptum) ; usually a single much 
elongated pyren., surrounded by a thick sheath of starch, in each 
chloropl. Zygosp. spherical, smooth. 

N, Digitus (Ehrenb.) Itzigs. and Rothe is one of the most abundant 
Desmids of elevated boggy moorlands and varies much in form and 
size (40-82 br.; 130-887 1.) (fig. 98, K). N, oblongum (De Bary) 
Liitkem. occurs in similar situations, but is not quite so frequent; 
cells 32-83 br. and 96-135 1. N. interruptum (Br6b.) Liitkem. is 
cylindrical with obtusely conical apices and each chloropl. is transv. 
divided, so that there are four chloropl. arranged in an axile series; 
cells 37-64 br. and 220-320 1. 

Roya W. & G. S. West, 1896; emend. Hodgetts, 1920^. Cells 
elongate, cylindrical, straight or slightly curved, sometimes 
gently attenuated towards the more or less truncate or obtusely 
rounded apices. Chloropl. one in each cell, axile, with a small 
number of longit. ridges and a median series of pyrens. (4-13), 
either extending to the apices of the cells or the latter occupied 
by terminal vacuoles without moving granules; in older cells 
the chloropl. may be divided at the middle. Nucleus lateral, 
lodged in a small bay of the chloropl., or median between the 
two halves of the latter. Zygosp. globose and smooth. 

The genus is easily distinguished from Closterium (p. 269) by the 
absence of any marked attenuation towards the apices, the cell-wall 
composed of a single piece, and the usually single chloropl. 

All four sp. occur in Britain. R. ohtusa (Br^b.) W. & G. S. West 
and its var. montana (fig. 105, G and H, p. 268) are not uncommon in 
mountainous districts; cells 5-5-12-5 br. and 48-117 1. R, Pseudo- 
closterium (Roy) W. & G. S. West is a^very narrow sp. (2*6-3 br.; 
98-192 1.) (fig. 105, J. and K) of rare occurrence. R. Cambrica W. & 
G. S. West (6*2-6*7 br. ; 173-177 1.) (fig. 105, I) is only known from 
N. Wales. R. anglica West differs from all these in the possession of 
vacuoles in the apices of the cells. 

Naegeli, 1849, p. 107; Liitkemuller, Beitr. z. Biol. d. Pfl. viii.. 1902, 
p. 404; Carter, Ann. of Bot. xxxiii, 1919, p. 227. 

* W. & G. S. West, Journ. Roy. Microscop. Soc., 1896, p. 152; Liitke- 
miiller, Verhandl. Zool.-Bot. Ges. Wien, lx, 1910, p. 479; Hodgetts, Journ. 
of Bot. Lvni, 1920, p. 65. 
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(6) Zygnemales 

The Zygnemales comprise a number of the commonest fila- 
mentous freshwater Algae, all of them unbranched They favour 
more particularly smaller stagnant pieces of water and are 
specially abundant in the spring months. In their natural 
habitats they withstand extremes of temperature very well, 
and they seem capable of adapting themselves to very diverse 
conditions. They usually occur as bright green free-floating 
masses, but some kind of attaching organ is present' in young 
stages in several genera and there are a few species of Spirogyra 
that occur permanently attached in flowing water. Otherwise 
there is no differentiation among the cylindrical cells. In several 
genera dissociation of the threads into separate cells readily 
occurs, a feature which is especially pronounced in the Gonato- 
zygaceae. 

The chloroplasts are essentially of the same three types as 
were noted in the Mesotaeniales, viz. a flat plate (Mougeotia 
(fig. 100, C), Deharya), a pair of stellate chloroplasts (Zygnema 
(fig. 97, A)), or one or more spiral bands twisting to the left 
(Genicularia (fig. 95, I)) or right {Spirogyra (fig. 98), Sirogonium); 
for details see under the genera. The more complex type of 
Netrium is not paralleled in this group. The single nucleus is 
nearly always situated in the middle of the cell, being apposed 
to one side of the chloroplast in Mougeotia, Its structure and 
division have been much studied^, but a consideration of these 
matters is outside the scope of this work; the bulk of the chro- 
matin is often contained in the nucleolus and the spindles are 
intranuclear. Palla^ first drew attention to the frequent occur- 
rence in the cells of diverse genera of small protein-bodies 
(caryoids), the function of which is not yet ascertained. 

The cell- wall is composed of a single piece, is usually moder- 
ately thin, and generally provided with a more or less conspicuous 
pectose mucilage-sheath to which the Zygnemales owe their 
slimy feeling. With appropriate stains (e.g. methyl violet) a 
fibrillar structure of the mucous envelope"*, perpendicular to the 

^ In Zygnema and Mougeotia branches in the shape of short lateral out- 
growths, consisting only of a few cells, are very occasionally observed 
(West and West, 1898, t. IV, ttgs. 17, 18, 19 and 41). 

2 See esp. Moll, Verhandl. K. Akad. Wetensch. Amsterdam, 2 sect., 
No. 9, 1898 ; Berghs, La Cellule, xxiii, 1906, p. 55 ; Escoyez, La Cellule, xxiv, 
1907, p. 355; Merriinan, Bot. Gaz. xli, 1906, p. 48, and lvi, 1913, p. 319; 
TrOndle, Zeitschr. f. Bot. iv, 1912, p. 721 ; Peterschilka, Arch. f. Protistenk. 
XLv, 1922, p. 153, and xLvi, 1923, p. 153; Czurda, ibid, xlv, 1922, p. 168. 

3 Palla, Ber. Deutsch. Bot. Ges. xii, 1894, p. 158. 

* Klebs, TJnters. Bot. Inst. Tubingen, ii, 1888, p! 336. 
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surface, can be detected and, although this suggests an excretion 
of mucilage through pores in the wall, such pores have not as 
yet been demonstrated by anyone. In the longitudinal walls 
it is possible to distinguish a superficial “cuticle” and inner 
layers consisting mainly of cellulose. 

The transverse walls, which are formed by annular ingrowth 
during cell-division, frequently show a more or less complex 
structure which is related to the ready fragmentation of the 
filaments^. In many cases, of which Mougeotia furnishes a 
particularly good example, the septa at an early stage split into 
two circular discs unconnected with one another but continuous 
with the longitudinal walls of their appropriate cells which are 
henceforth held together only by the cuticle; the two parts of 
the septum frequently bulge apart, so that the latter appears 
biconvex. In the species of Spirogyra with “replicate” end- 
walls (fig. 94, C and D) the middle lamella of the septum develops 
on either side a cylindrical ring-like ingrowth (resembling a 
collar) over which the subsequent apposition-layers are deposited ; 
by the dissolution of the middle lamella the cells are again left 
connected only by the cuticle. In this case the ingrowth becomes 
e^'aginated when the cells break apart, so that the detached cell 
has a characteristic rounded extremity. Rupture of the threads 
in these different cases is probably usually brought about by 
an alteration in the turgor of one or other cell. 

Akinetes are formed in Mougeotia and specially commonly 
in Zygnema. A high altitude, which is usually accompanied by 
a I’elatively low temperature, favours their production. In 
shape they mostly differ but little from the vegetative cells, 
but the walls become markedly thickened, whilst starch and fat 
accumulate within the protoplast. Not uncommonly threads 
producing such akinetes are encased in a prominent mucilage- 
envelope, even when none is evident around the ordinary 
filaments. The cells of the terrestrial form of Zygogonium 
ericctorwn may be said to exist permanently in the akinete- 
condition (cf. p. 248). 

The majority of the Zygnemales readily conjugate and, since 
specific differences are largely based on the characters of the 
conjugating cells and of the resulting zygospores, sterile material 
belonging to members of this group is nearly always indetermin- 
able. Moreover, the genera Debarya and Mougeotia are indistin- 
guishable except in the fertile condition. In the British Islands 
conjugating examples are more frequently met with in low-lying 
areas than in upland districts and most frequently in the western 


‘ Bcnecke, Jahrb. Wiss. Bot. xxxii, 1898, p. 468. 
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and south-western counties. Conjugation occurs mainly between 
February and June^. 

The conjugation-process^ usually takes place between two 
filaments® which become ranged parallel to one another. In 
Spirogyra Czurda states that the threads are intimately glued 
together by the gelatinised outer layers of the walls. This is 
followed by the putting out of conjugation-processes from oppo- 
site cells, the protuberances at the same level exactly corre- 
sponding and growing towards one another till they meet; in 
Spirogyra, according to Czurda, the lengthening processes push 
the filaments apart. The separating walls are then dissolved, so 
that an open, usually relatively narrow, conjugation-tube is 
established ; the gametes are in contact from the first. The con- 
traction of their protoplasts is heralded in Spirogyra, and prob- 
ably in other cases too, by a reduction in turgor. In some species 
conjugating cells are shorter than the vegetative ones. 

In Debarya and some species of Zygnema the gametes meet 
in the conjugation- tube, so that the process is both morpho- 
logically and physiologically isogamous (cf. figs. 96, 97, F). In 
other species of Zygnema and in Spirogyra^ however, fusion 
takes place in one of the two gametangia (cf. fig. 94), so that 
the one gamete (the female) is passive and the other (the male) 
relatively active^. Usually all the cells of a filament behave alike 
and all the zygospores are lodged in the one (the female) fila- 
ment^. The anisogamy is however purely a physiological one, 
since the gametes are not morphologically distinct. The differ- 
ence between the two filaments becomes early apparent, since 
the cells of the male put out conjugation-processes and undergo 
contraction of their protoplasts to form the gametes a little time 
before the same changes are observed in the female filaments. 
That part of the conjugation-tube developed from the female 
cell is usually thicker and shorter than the part developed from 
the male. The female cells frequently become much swollen 
after the fusion of the gametes. 

According to Lloyd -(loc. cit.) the contraction of the gametes 

^ cf. Fritsch and Rich, Ann. of Bot. xxi, 1907, p. 423; Hodgetts, 1921, 
p. 17. 

2 cf. De Bary, 1858, pp. 3, 11, 21, etc.; Klebs, 1896, p. 229; W. and G. S. 
West, 1898, p. 36; Lloyd, Trans. Roy. Canadian Inst., Toronto, xv, 1924, 
p. 129; Czurda, Archiv f. Protistenk. li, 1925, p, 439. 

® Three, four, five, six, or more are occasionally involved (cf. fig. 94, A); 
cf. also Brown, Bot. Gaz. lxvi, 1918, p. 269. 

* According to Kurssanow (Flora, civ, 1912, p. 66) the male gamete of 
Zygnema rotates through 90° before passing into the conjugation-canal. 

® Cross-conjugation, in which some cells of the filaments are male and 
others female, so that perfectly normal zygospores are found in both threads, 
is exceedingly rare. 
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is due to the discharge of liquid from a number of large, nearly 
spherical, contractile vacuoles which appear sooner in the male 
than the female and are also operative in bringing about the 
final contraction of the zygote ; it will be of interest to ascertain 
whether these and other features described by Lloyd, so far only 
for a single species, are of more general application. 

Irregularities in the conjugation-process are occasionally 
obserA^ed. Zygospores are sometimes produced by the coales- 
cence of three gametes, two male and one female^, but attempts 
of this nature are usually abortive (fig. 94, B)^. Gerassimoff 
observed conjugation of two female cells with one male cell, 
one of the former producing a parthenospore^. 

The ladder-like or scalariform method of conjugation described 
above is that habitual in Spirogijra and Zygnema, but in both 
another method (lateral conjugation) is occasionally observed 
and in some species of Spirogyra (e.g. S, affinis, S, tenuissima) 
may e\ en be the rule. In this case there is no sexual differentia- 
tion })etween the filaments, and the conjugation-processes arise 
from adjacent ends of neighbouring cells, between which an 
o[)en conjugation-tube is thus established^ (fig. 94, D); the 
zygospore lies either in the canal or in one of the conjugating 
cells, according as the gametes are “isogamous” or “aniso- 
gamous.” The same filament may sometimes show both scalari- 
form and lateral conjugation. The latter is very rare in the 
Mougeotiaceae. 

In the remaining genera of Zygnemales various specialisa- 
tions in the conjugation-process are apparent. In Mougeotia 
the gametes are produced from only a part (inch the nucleus 
and chloroplast) of the protoplast of the gametangium. After 
fusion within the conjugation-canal the compact zygote is not 
immediately cut off from the cytoplasm left in the gametangia; 
but soon variously orientated walls arise separating it from the 
surrounding sterile parts, which then appear as two (fig. 100, F), 
three, or four (fig. 100, I) cells. It is peculiar to this genus that 
these remains of the gametangia persist around the mature 
zygospore. Mougeotia is thus isogamous, but it may be noted 
that the zygospores are often seen to be situated nearer to one 
of the conjugating cells, whose conjugation- tube is thicker and 
shorter than that of the other. This is especially marked in 

^ West, Notarisia, vi, 1891, t. XIII, fig. 13; Borge, Bih. K. Sv. Vet.- 
Akad. Handl. xvii, 1891, Afd. iii. No. 2, t. I, fig. 2; W. and G. S. West, 

1898, t. V, fig. 66. 

2 W. and G. S. West, 1898, figs. 67 and 69; Schmula, Hedwigia, xxxviii, 

1899, p. (1). 

® Gerassimotf, Bull. soc. imp. nat. Moscou, 1897, p. 494. 

^ Regarding its mode of formation see Lloyd, p. 180, and Czurda, p. 472. 
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Fig. 94. A, m7irfa (Dillw.) Link, from near Morecainbe, Lancs; 

scalariform conjugation between six filaments (x75). B, S, setiformis 
(Roth) Kiitz., showing frustrated attempts at the conjugation of two male 
cells aftd one female cell (x 90). C, S, Spreeiana Rabenh., from near Esher, 
Surrey (x390). D, S, inflaia (Vauch.) Rabenh., from near Esher, Surrey; 
showing lateral conjugation (x390). E and F, zygospores of S. velata 
Nordst., from Shipley Glcn^W. Yorks, germinating immediately after their 
formation and before the differentiation of the wall of the zygospore 
(xl65). G, germination of zygospore of S, velata after normal period of 
rest (x 230). 
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M, tenuis (Cleve) Wittr., where the zygospore is located mainly 
in one of the two conjugating cells. 

In Zygogonium^ the gametes are again produced only from 
part of the protoplasm of the gametangia. Before the canal is 
fully established, the greater part of the protoplast passes into 
the conjugation-process and becomes cut off by a curved wall 
(lig. 99, D); within the cell thus formed the gamete secretes an 
independent thin membrane and, after the fusion of the gametes, 
these membranes unite to form the outermost layer of the 
zygospore-wall (fig. 99, E, F). 

In Temnogametum^, which has the vegetative characters of 
a Mougeotia and is so far only known from Tropical Africa and 
Brazil, the cells before conjugation divide to form a large sterile 
and a small fertile one. The fertile cells become approximated 
without the formation of a tube, but there is no contraction of 
their contents and after fusion the zygospore occupies them 
jointly. Lateral conjugation also occurs. 

Morphological anisogamy is found only in Sin^gomwn^ 
(Choaspis (fig. 99, A-C)) which in vegetative habit closely re- 
sembles Spirogyra, although the chloroplasts run almost longi- 
tudinally. The approximation of the conjugating cells takes 
place mainly by bending, especially of the female cell, and no 
.distinct conjugation-tubes are formed; at the point of contact 
of the two cells there is a ring of mucilage. Preparatory divisions 
take place, whereby two gametes of different sizes are produced 
(fig. 99, A). In the male a first division separates off a small 
sterile cell at one end, after which a second much larger sterile 
cell is cut off at the other end; in the female cell of the opposite 
filament there is only one division separating a small sterile 
cell, so that the resulting female gamete is much larger than 
the male. The zygospore forms in the female cell (fig. 99, B). 

The ripe zygospores are usually spherical or ellipsoidal and in 
most cases possess a thick wall which is composed mainly of 
cellulose and is divisible into three layers, the outer being 
cuticularised and the middle one often exhibiting distinctive 
markings (fig. 96, B, E). The contents of the zygospore commonly 
turn red and accumulate a large amount of oily material. 
Sometimes the chloroplasts of the two gametes remain intact 
in the zygospore up to late stages (e.g. Zygnema) ; more usually 
in Spirogyra those of the female remain, while those of the male 
disintegrate^. According to G. S. West (1904, p. 126; 1916 a, 

^ Hodgetts, New Phytol. xvii, 1918, p. 2.38. 

* W. and G. S. West, Joiirn. of Bot., 1897, p. 12. 

3 De Bary, 1858, p. 13. 

* Chmielevsky, Bot. Zeit. xlviii, 1890, p. 773; TrOndle, ibid, lxv, 1907, 
p. 196. 
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p. 350), however, it is quite a common thing for the chloroplasts 
to disintegrate completely before the fusion of the gametes. 

It frequently happens in nature that conjugation is brought 
to an abrupt termination. In such cases the spores are apt to be 
very variable, either not exhibiting the typical form or a small 
one is formed in each gametangiuin or two small ones in the 
female cell^. In several genera of Zygneinales parthenogenesis 
occurs as an occasional phenomenon. The simplest case is con- 
stituted by Spirogyra groenlandica^ in which, after the conjuga- 
tion-processes have met but usually before the establishment of 
an open tube, the contents of the gametangia round off and, 
secreting a membrane, become “azygospores” (parthenospores). 
Much the same obtains in Mougeotia^ and in Zygogojiium^, 
Klebs (1896, p. 247) was able to bring about the formation of 
azygospores artificially in Spirogyra varians, a species which in 
nature always exhibits normal conjugation, by placing conjugat- 
ing filaments in a strong solution of sugar. In S» mirabilis (Hass.) 
Klitz.® there is no indication even of the preliminaries of the 
conjugation-process, the azygospores being simply formed by 
marked contraction and rounding off of the contents of the cells®. 
Zygnema spontaneum Nordst. at times behaves similarly, but 
at others exhibits normal scalariform conjugation’. 

Formation of such parthenospores is also a perfectly normal 
phenomenon in Gonatonema^ whose vegetative structure is like 
that of Mougeotia. In this case the protoplast contracts to the 
somewhat enlarged middle portion of the cell which becomes 
cut off by septa from the empty parts ; the spore then develops 
a special wall of its own (fig. 101). Not uncommonly the cells 
concerned exhibit a knee-like bending, similar to that often shown 
by conjugating cells of Mougeotia, 

Nuclear fusion is postponed for some little time after the 

^ Kolderup-Rosenvinge, Ofvers. K. Sv. Vet.-Ak. Forhandl. xl, 1883, 
No. 8, t. VIII; West, Notarisfa, vi, 1891, t. XIII, figs. 27, 28; Hansgirg, 
Hedwigia, xxvii, 1888, t. X, fig. 6; W. and G. S. West, 1898, t. V, figs. 74-80. 

* Kolderup-Rosenvinge, loc. cit. p. 87. 

* Wittrock, Bih. K. Sv. Vet.-Ak. Handl. v, 1878, No. 5. 

^ Hodgetts, loc. cit. p. 247. 

« Hassall, 1845, p. 156; Klebs, 1896, p. 254. 

* Petit (Spirogyra d. environs d. Paris, 1880, p. 14) states that the forma- 
tion of these spores is preceded by a separation of the contents of the cell 
into two parts which later fuse to form the spore, but this has not been 
confirmed by later work (Klebs, Peterschilka, see p. 245). A somewhat 
analogous phenomenon has been described by G. S. West in Gonaioncma 
(cf. p. 251). Possibly in these cases there is some relation to lateral con- 
jugation. 

’ Nordstedt, De Aigis aquae dulcis, etc. ex insula Sandvicensibus 
reportatis, Lund, 1878, p. 17; W. and G. S. West, Journ. of Bot., 1897, p. 15. 
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amalgamation of the gametes. Reduction division takes place 
in the majority of cases soon after, during the ripening of the 
zygospore, but in Spirogyra jugalis and S, communis it only 
occurs just before germination as in Mesotaeniales and Des- 
midiaceae^. Of the four nuclei produced one enlarges, whilst 
the others gradually abort, a single individual resulting from 
each zygospore As a preliminary to germination the abundant 
oil is converted to starch, whilst the chloroplasts become more 
distinct. Thereupon the thick membrane is burst at one end and 
the contents, surrounded by an inner layer, grow out as a long 
tube which soon undergoes division into two cells (fig. 94, G). 
The lower of these has scanty chlorophyll and often appears 
colourless for a great part of its length and, in Spirogyra and 
Mougeotia, it may develop into a definite rhizoid; the upper 
proceeds to divide to form the thread. In Zygnema the distinc- 
tion into base and apex is scarcely evident. 

Since filaments of diverse species of Zygneniales often occur 
intermingled with one another, the production of hybrids is not 
altogether rare^. Cases have been observed both in Spirogyra 
and Mougeotia, but no detailed work on this subject has so far 
been done. 

The classification of Zygnemales presents considerable diffi- 
culties. The older grouping into Mesocarpaceae and Zygnemaceae, 
which was based upon the peculiar method of zygospore-forma- 
tion in the former, is not easily maintained. In his last work 
G. S. West (1916 a, p. 331) advocated a classification depending 
on the characters of the chloroplast, but this creates the diffi- 
culty of finding a suitable place for Fleurodiscus^ and Zygo- 
gonium whose chloroplasts do not conform to one of the three 
main types, besides obviously being very artificial. 

It is believed that a way out of the difficulty may be found by 
separating Debarya, Zygnema, and Spirogyra (also Pyxispora)^, in 
which the zygospore is formed without preparatory or subsequent 
division of the conjugating cells, from the other genera. The 
divisions taking place in Sirogonium, Temnogametum, and 
Zygogonium prior to conjugation are regarded as comparable 
to those occurring in Mougeotia subsequent to conjugation. The 
two families are described as Zygnemaceae and Mougeotiaceae, 

^ Karsten, Flora, xcix, 1908, p. 1; TrOndle, Zeitschr. f. Bot. iii, 1911, 
p. 593. 

2 cf. however Holder up- Rosen vinge, Rev, Algol, i, 1924, p. 209. 

® W. and G. S. West, 1898, t. V, figs. 70, 71; Bessey, Amer. Naturalist, 
XVIII, 1884, p. 67; Andrews, Bull. Torrey Bot. Club, xxxviii, 1911, p. 299; 
Transeau, Amer. Naturalist, liii, 1919, p. 109. 

^ cf. Lagerheim, Vidensk. Selsk. Skrift., Mat.-nat. HI., 1895, No. 5, p. 7. 

W. and G. S. West, Journ. of Bot., 1897, p. 14. 
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it being deemed advisable to discontinue the old name Meso- 
carpaceae, even at the expense of a more clumsy substitute. 
With reference to the two genera Gonatozygon and Genicularia, 
Oltmanns (1922, p. 97) has been followed in placing them among 
Zygnemales which they resemble in the production of a single 
embryo from the zygospore. They certainly do not fit well into 
the Desmids, nor into the Mesotaeniales, and they are here 
regarded as reduced Zygnemales. 

The following key will serve to determine the British genera 
of Zygnemales : 

A. Cells elongate, joined to form loose thr. ads which easily dissociate 

into the individual cells, as always prior to conjug. ; wall of a 
hyaline inner portion and an outer layer which is usually rough 
or provided with minute spines Gonatozygaceae 

a. Chloropl. axile Gonatozygon 

h, Chloropl. parietal and spirally twisted Genicularia 

B. Cells of varying length forming threads which do not dissociate 

prior to conjugation; wall smooth, with an outer mucilage- 
envelope 

a. No divisions take place in the cells preparatory or subsequent 

to conjug. Zygnemaceae 

1. Chloropl. one per cell, a Hat plate, zygosp. in conjug. canal 

Deharya 

2. Chloropl. two per cell, stellate, zygosp. in canal or in one 

of the conjug. cells Zygnema 

3. Chloropl. 1-7, sometimes up to 12 per cell, spiral, zygosp. 

in one of the conjug. cells Spirogyra 

b, Conjug. cells either produced by certain preparatory divisions 

or cut off from the zygote subsequent to conjug. 

Mougeotiaceae 

1. Spores normally formed by conjug. 

* Conjug. cells cut off prior to conjug. 
t Chloropl. single, axile, constricted in the middle, 
gametes cut off from parent-cells after entering conjug. 
tube, zygosp. in canal Zygogonium 

•ft Chloropl. several, band-shaped as in Spirogyra, longit., 
male and female cells of unequal size, cpt off by pre- 
paratory divisions, zygosp. in female cell Sirogonium 
♦♦ Conjug.' cells cut off from zygote subsequent to conjug., 
zygosp. in canal, chloropl. a flat plate Mougeotia 

2. Spores formed without conjug. by contraction of proto- 

plast to centre of cell, chloropl. a flat plate 


Gonaionema 
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Pamily 1. GONATOZYGACEAE 

The cells are long and cylindrical and loosely joined by their 
apices into fragile filaments of variable len^h. These easily 
break up without interfering with the life of the individual 



Fij?. 05. A and B, Gonatozygon Brebissonii De Bary (x 464); A, from Esher 
Coninion, Surrey; B, from Strensall, N. Yorks. C-E, G, Brebissonii var. 
laeve (Hilse) W. & G. S. West, from Mickle P>1I, N. Yorks (x 356). F and G, 
G. Brebissonii var. minutum W. & G. S. West, from Riccall Common, 
E. Yorks ( x 464). H, zyjjospore of G. monotaenium De Bary ( x 464). I and 
J, Genicularia Spirotaenia De Bary, from near the Lizard, Cornwall; I, 
vegetative cell (x312); J, zygospore (x220). 

cells. The wall is differentiated into an inner hyaline and struc- 
tureless layer and an outer layer usually provided with minute 
granules or small spines. Conjugation is isogamous and only 
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takes place between dissociated cells which usually become 
geniculate (fig. 95, H, J). The zygospores are smooth and 
spherical. 

Gonatozygon De Bary, 1856. Cells cylindrical or narrowly 
fusiform, 10-20 (rarely 40) times as long as broad, with more or 
less truncate, occasionally subcapitate apices; cell-wall rarely 
smooth, usually covered with minute granules or short spines. 
Chloropl. axile, generally two in each cell (rarely only one), each 
a rather narrow undulated band containing 4-16 equidistant 
pyrens.; an apical vacuole with moving granules occasionally 
present at either end of the cell. 

There are five Brit, sp., of which G. monotaenium De Bary (G. Ralfsii 
De Bary) (fig. 95, H) and G, Brebissonii De Bary (? Docidium asperum 
Br^b.) (fig. 95, A and B) are the most abundant. Smooth varieties of 
both are known (cf. fig. 95, C-E), and G. Kinahani (Arch.) Rabenh., 
the largest sp. (11-14 br. ; 162-376 1.), is always smooth. The smallest 
form is G. Brebissonii var. minittum W. & G. S. West (fig. 95, F and G) 
which is 4*2-7 br. and 47*,5-67-5 1. 

Genicularia De Bary, 1858^. Cells similar to those of Gonato- 
zygon\ cylindrical with truncate apices and a rough wall. 
Chloropl. parietal, two or three per cell, disposed as spiral bands 
or rarely somewhat irregular, each with a number of pyrens. 

This is one of the rarest genera of “Desmids.” G. Spirotaenia (fig. 
95, I and J) has only been found in Cornwall and the Shetlands; cells 
20-25 br., 200-400 1.; zygosp. 48-57 br. G. elegans W. & G, S. West 
is a more slender sp. (14-16*3 br.; 303-427 1.) in which the chloropl. 
forms laxcr spirals. It is known from the plankton of various British 
lakes. 

Family 2. ZYGNEMACEAE 

In this family of simple filamentous forms conjugation takes 
place between the ordinary cells without previous special 
divisions, and the zygospore lies freely within the composite 
structure formed of the membranes of the conjugating cejls 
(gametangia) and the conjugation -tube. The entire protoplasm 
of the gametangia is utilised in the production of the gametes. 
The zygospore is located either in the canal or in one of the 
conjugating cells. 

Debarya Wittrock, 1872^ {Mougeotiopsis Palla, 1894). Fila- 
ments with or without distinct constriction between the elon- 
gated cells, with a thin mucous envelope. Chloropl. a single 

1 De Bary, 1858, pp. 26, 77. 

2 Wille (1909, p. 8) includes Genicularia in Gonatozygon, 

* West and West, 1908, p. 39; Price, New Phytol, x, 1911, p. 87, and xi, 
1912, p. 60. 
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axile plate, extending from end to end of the cell or only occupy- 
ing the median portion; pyrens. several, usually arranged in a 
single series, rarely absent. Conjug. scalariform, the zygosp. 



Fig. 96. A, Debarya glyptosperma (De Bary) Wittr., from Fairfield, West- 
morland (x275). B, D. calospora (Palla) W. & G. S. West, from Pilmoor, 
N. Yorks (x430). C-E, D. laevis (Kiitz.) W. & G. S. West, from Mitcham 
Common, Surrey; C, xl80; D x250; E, mature zygospore, x430. F-I, 
D. Desmidioides W. & G. S. West, from near the I.izard, Cornwall (x430). 

formed in the tube. The mature zygosp. are very variable, and 
there are considerable differences in the actual processes of 
conjugation, but all sp. agree in the fact that, as the zygosp. is 
being formed, the gametangia become very clear-looking and 
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refractive, a series of striations being sometimes visible parallel 
to the transverse walls. The appearance of solidity thus acquired 
is probably due to the deposition of stratified mucilage inside 
the wall on the receding of the protoplast during conjug. This 
feature is noticeable even in old preserved material. 

All the five sp. known from the Brit. Isles are of rare occurrence. 
D. glyptosperma (De Bary) Wittr., with cells 9-15 br. and 6-15 times 
as long, is the most widely distributed; the conjug. -tubes are often 
very long and the zygosp. (16-40 br. ; 35-72 1.) is ellipsoidal, frequently 
with one or two mammillate protuberances at the poles (fig. 96, A). 
D. laevis (Kiitz.) W. & G. S. West has larger and shorter cells (20- 
26 br. and 2|— 4 times as long) and the zygosp. is ellipsoidal (44-50 x 
29-36) with a scrobiculate middle coat (fig. 96, C-E). D. calospora 
(Palla) W. & G. S. West is 11-13 br. and the subglobose or ellipsoidal 
zygosp. (18-26 br.) are ornamented with large scrobiculations (fig. 

96, B). Palla ^ established for this sp. the genus Mougeotiopsis owing 
to the absence of pyrens. Subsequently, however, precisely the same 
sp. was discovered with pyrens., whose presence or absence cannot 
therefore be of generic value The most remarkable sp. of Debarya is 
D, Desmidioides W. & G. S. West, so far only known from Cornwall ; 
there are distinct constrictions between its short cells (7 7-8-6 br. 
and 2J-6i times as long) and the filaments dissociate with great ease 
into the individual cells, conjug. only occurring in this condition 
(fig. 96, F-I). Messrs West regarded this plant as throwing much light 
on the origin of the Desmidiaceae ; there is undoubtedly a very close 
relationship with Mesotaenium. D, crticiata Price is a closely allied sp. 

Zygnema Agardh, 1824^ {Zygogonium Kiitzing, 1848 pro 
parte). Filaments occasionally exhibiting a slight constriction 
between the cells, often provided with a mucilage-envelope 
which is sometimes remarkable for its size and strength. 
Chloropl. two per cell, suspended in the median line, star-shaped, 
sometimes rather indefinite, each with a single large pyren.; 
nucleus between the two chloropl. Conjug. lateral or scalari- 
form, the zygosp. either in the canal or more commonly in the 
female cell. Zygosp. globose or ellipsoid. 

There are about a dozen Brit, sp., of which Z. pectinatum (Vauch.) 
Ag., Z. cTuciatum (Vauch.) Ag., and Z. insigne (Hass.) Kiitz. (fig. 

97, E) are the three largest, usually occurring in ponds or in roadside 
ditches. The first of these forms its zygosp. in the canal, the other 
two in the female cell; in Z. insigne the middle layer of the zygosp. 
membrane is smooth and brown, whilst in the other two it is scrobicu- 
late. The smallest form is Z. Vaucherii Ag. var. stagnate (Hass.) 

^ Ber. Deutsch. Bot. Ges. xii, 1894, p. 228. 

2 W. and G. S. West, 1898, p. 49, and Journ. of Bot., 1900, p. 289. 

® De Bary, 1858, p. 8; Kurssanow, Flora, civ, 1912, p. 65. 

i6-2 
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Kirchn. (fig. 97, B), the filaments of which reach a max. breadth of 
13 /X. Z. anomalum (Hass.) Cooke S largely confined to upland bogs, 
is remarkable for its wide mucous investment. 


Fig. 97. A, Zygnema siellinum (Vauch.) Ag., from Cam Fell, W. Yorks 
(x430>. B, Z. Vaucherii Ag. var. stc^nale (Hass.) Kirchn., from near the 
Lizard, Cornwall (x 430). C, Zygogonium ericelorum Kiitz., from Rombald’s 
Moor, W. Yorks (x415). D, Z. leiosperum De Bary, from Esher Common, 
Surrey (x430), a portion of a filament which was conjugating along the 
mater part of its length. E, Z. insigne (Hass.) Kiitz., from Malham, 
W. Yorks (x330). F, Z. Ralfsii (Hass.) De Bary, from Chippenham Fen, 
Cambridgeshire (x430). ap, parthenospore. 

Z. peliosporum Wittr., with blue-black zygosp. lodged in the 
inflated female cells, haslheen recorded by Puymaly* from terrestrial 
habitats. 

‘ Often regarded as a variety of Z. pectinaium, 

* C. R. Paris, clxxv, 1922, p. 1229. ^ 
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„^iTqgyra Link, 1820^. Filaments composed of cylindrical 
celi^ very variable as regards their diam. and relative length, 
with firm walls and an outer mucous coat which renders the 
threads very slimy ; septa mostly quite plane, but a number of 
the smaller sp. possess “replicate” end-walls (cf. p. 282 and 
fig. 98, C), a character which is constant for the sp., though the 
ingrowths are not necessarily present at the extremities of every 



Fig. 98. A,\JSpir()gyra majtiscula Kiitz., from Coates, Gloucestershire, 
single cell showing chloroplasts and nucleus (x300). B, Spirogyra sp., from 
the same locality (x370). C, S, tenuissima (Ha«ie.) Kiitz., from Mitcham 
Common, Surrey ( x 390). n, nucleus. 

cell. Chloropl. parietal, in the form of spiral bands, usually 
from 1-7 per cell, sometimes very closely coiled, in other sp. 
(e.g. S. majuscula Kiitz. (fig. 98, A)) practically straight and 
longit.; chloropl. either narrow with a smooth margin and a 
regular axile series of pyrens. (e.g. S. neglecta (Hass.) Kiitz.) 
or broad with serrated margins and scattered pyrens. (e.g. 
*S'. nitida (Dillw.) Link, S. porticalis (Vauch.) Cleve) and between 
the two extremes there are all gradations. Kolkwitz* has shown 

^ be Bary, 1858, p. 1 ; Petit, Sp, d. env. d. Paris, 1880; Fritach and Rich, 
Ann. of Bot. xxi, 1907, p. 423; Karsten, Flora, xcix, 1908, p. 1; TrOndle, 
Zeitschr. f. Bot. iii, 1911, p. 593; Cunningham, Bot. Gaz. lxvi, 1918, p. 272; 
Peterschilka, Arch. f. Protistenk. xlvi, 1923, p. 153; Czurda, ibid, li, 1925, 
p. 439 ; Lloyd, Trans. Roy. Canadian Inst, xv, 1924, p. 129. 

* Festsctir. f. Schwendener, 1899, p. 271. 
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that the chloropl. grow in length in the direction of the coils 
by both apical and intercalary growth. Nucleus suspended in 
centre of cell, often clearly visible in living specimens, the proto- 
plasmic strands linking it to the lining cytoplasm commonly 
reaching the latter exactly opp. a pyren. (fig. 98, A). Cell-sap 
often rich in tannins, and upon this depends the use of sp. of 
this genus for various permeability experiments. 

Conjug. scalariform or lateral, zygosp. always in the female 
cell which frequently becomes considerably inflated. Mature 
zygosp. globular, ellipsoidal, cylindrical with obtuse ends, or 
more rarely flattened and discoid; the middle coat of the 
membrane often ornamented. Re hybrids, see p. 238. 

There are about 25 Brit. sp. which for the most part have a distinct 
preference for low-lying quiet waters, such as those of ponds and 
ditches. They occur abundantly as bright green flocculent masses, 
often several feet in diam. Specific distinction is based on the character 
of the septa (whether replicate or not), the number of chloropl. and 
the number of turns of the spirals per cell, the form of the cells con- 
taining the zygosp. (whether inflated or not), the characters of the 
zygosp. themselves, and the dimensions of the threads; in all of these 
respects there is considerable constancy in the different sp. The 
smallest sp. is S, gracilis (Hass.) Kiitz. (minimum br. about 10/x) with 
plane septa, a single chloropl., and fructif. cells inflated only on the 
side adjacent to the conjugation-tube; the largest sp. is S, crassa 
Kiitz. (max. diam. about 165) with 4-12 chloropl. per cell and 
broadly oval, somewhat flatfened zygosp. Several sp., such as 
S, tenuissima (Hass.) Kiitz. (fig. 98, C), S, gracilis (Hass.) Kiitz., 
S, communis (Hass.) Kiitz., S. varians (Hass.) Kiitz., S, affinis (Hass.) 
Petit, and S, nitida (Dillw.) Link (fig. 94, A) are abundant in every 
part of the Brit. Isles except in the most mountainous districts. 
S, tenuissima and S. affinis are sp. frequently exhibiting lateral conjug. 
(cf. ftg. 94, D). S, velaia Nordst. (fig. 94, G) and S, calospora Cleve 
are notable for their beautifully marked zygosp. ; those of the former 
have been observed to germinate immediately after their formation^ 
without the development of a thick wall (fig. 94, E and F). A very 
remarkable sp. is S. colligata Hodgetts^, with peculiar H -shaped pieces 
of membrane between adjacent cells and frequent conjug. between two 
cells by processes which grow through the septa. Sp. of Spirogyra 
are usually most prominently developed during the spring months 
when conjug. mostly occurs; some exhibit also an autumnal phase 
with an intervening period of scarcity or complete disappearance. 
The time of appearance of sp. of this genus in the spring depends 
upon the realisation of a certain concentration of the water®, and 

» West and West, 1898, t. V, figs. 84, 85. 

* Hodgetts, Ann. of Bot. xxxiv, 1920, p. 519. 

* cf. Fritsch and Rich, loc. cit. and 1918, p. 19 et seq.; Hodgetts, 1921, 
p 17. 
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heavy autumnal and winter rainfall leads to a late occurrence. Sp. of 
Spirogyra often cause trouble in Cress-beds, the matted masses 
preventing the growth of the plants. 


Family 3. MOUGEOTI ACE AE 

The members of this family are distinguished by the fact that 
the gametes become cut off from the ganietangia by the develop- 
ment of special division-walls. This may take place either prior 
to {Sirogonium)^ during {Zygogonium), or subsequent to {Mou- 
geotia) conjugation. Some part of the cytoplasm of the game- 
tangia is unused in the conjugation-process. The zygospore is 
usually located in the canal, but in Sirogonium it lies in the female 
cell. In Gonatonema no conjugation occurs and the spores are 
cut off by two division-walls from the cells producing them. 

Zygogoniurn Kutzing, 1843 pro parte; emend. De Bary, 1858^. 
Filaments terrestr. or aquat., very occasionally branched, cell- 
wall often strongly thickened and stratified and cell-sap fre- 
quently purple or violet owing to phy coporphyrin 2 . Chloropl. 
single (splitting into t\vo just prior to cell-division), axile, deeply 
constricted, sometimes twisted at the middle, with one pyren. 
in each of the irregular lobes (fig. 99, G). Gametes formed from 
greater part of cytoplasm of gametangia and cut off from the 
residue, after passing into the conjug. -process, by a curved wall 
(fig. 99, D); prior to fusion each gamete secretes a thin membrane 
around itself. Zygosp. subellipsoidal or subglobose, occupying 
the whole of the canal, with a several-layered envelope (fig. 99, E), 
the outer layer of which is formed from the special membranes 
secreted by the gametes before conjug. Azygosp. (partheno- 
spores) also known. 

In its present limits tnis genus includes only the sp. Z. ericeiorum 
Kiitz. (figs. 97, C; 99, D-G) which is a very widely distributed Brit, 
terrestr. Alga. It lives equally well in water, as on all kinds of peaty 
and sandy soil, being especially common on damp heaths or peaty 
moors. The frequent purple colour, due to phycoporphyrin in the sap, 
is usually not apparent in shaded situations, but rapidly develops on 
exposure to stronger light. The Alga possesses a great power of 
drought-resistance®; the dried mats are hard and horny, but absorb 
moisture almost instantaneously. According to G. S. West (1904, 
p. 129) this Alga fulfils an important function on some of the heaths 
and moors. “In the drier and hotter periods of the year thickly- 

^ De Bary, 1858, p. 79; West and Starkey, New Phytol. xiv, 1915, 
p. 19i; Fritsch, Ann. of Bot. xxx, 1916, p. 135; Hodgetts, New Phytol. 
XVII, 1918, p. 238. 

* Lagerheim, Vidensk. Selsk. Skrift. i, Mat.-nat. Kl., 1895, No. 5, p. 4. 

* Fritsch, 1922; Fritsch and Haines, Ann. of Bot. xxxvii, 1923, p. 683. 
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matted sheets of Z. ericetorum, often many square feet in extent, are 
found covering wide patches of almost bare sand or peat, round such 
plants as Drosera, Carices, etc. These mats greedily take up water 
and in this way they regulate the moisture of the surface soil, the 
thriving of some of the smaller Phanerogams depending to a great 
extent on the presence of the Alga.” 



Fig. 99. A~C, Sirogonium sticticum Kiitz.; A, showing the divisions pre- 
paratory to conjugation (after De Bary, xl25); s, etc., sterile cells; 
B and C, from Ingleton, W. Yorks (x90). D-F, Zygogonium ericetorum 
Kiitz. (after Hodgetts, x450), from Wyre Forest, Worcestershire; D and 
F, various stages in conjugation; E, zygospore. G, the same, vegetative 
cells (after West and Starkey, x 1200). H, Zygnema stellinum (Vauch.) 
Ag., zygospore (after Boergesen). 


The cell-structure is often difficult to make out and some states of 
the Alga greatly resemble sp. of Microspora or Rhizoclonium. In dry 
situations the cells of the terrestr. form may have very thick walls 
and often harbour countless small fat-bodies, frequently arranged in 
a dense peripheral layer beneath the wall (cf. Fritsch). Conjug. has 
rarely been observed, but a detailed account of it was recently 
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published by Hodgetts based on material from Wyre Forest, and this 
account the present writer is able to confirm from his own observa- 
tions on material repeatedly examined from Redlands Woods, 
Holm wood, Surrey. 

Sirogonium Kutzing, 1843^ {Choaspis S. F. Gray, 1821)2. 
Filaments very similar to those of althm^h^ th^ 

contain* more or less straiglit liong^ ; tESre is a remark- 
able absence of the external in consequence of 

which this is the only member of Zygnemales which is not slimy 
or slippery. Conju^. only affects a. few of the cells of each 
filament;. iipl_ciistinct^^J^^ conjug. cells coming 

into contact by genuflexion (esp. of the female cells) and a 
perforation forming at the point of contact. Prior to conjug. 
the male gametangia are cut off by two and the female by a 
single div. (cf. p. 236); the resulting cells are of unequal size 
„an4. (esp. the female) become somewhat swollen, the chloropl. 
completely disin^grating, even before contraction of the 
gametes occursf Zygosp. in the female cell. 

S, sticticum Kiitz. (fig. 99- A-C), the only Brit, sp., has cells (40-50 
br. ; 2-6 times as long) containing several more or less longit. chloropl. ; 
the zygosp. are ellipsoidal, about 75 x42. The Alga usually occurs 
attached to stones over which the water is running fairly fast; it is 
also said to occur in stagnant water. 

Mougeotia Agardh, 1824^ {Staurospermum Kutzing, 1848; 
Mesocarpus Hassall, 1845; Crater ospermum Braun, 1855; Plagio- 
spermum Cleve, 1868). Filaments composed of elongated cells, 
often narrow and with relatively thin walls, each with a thin 
axile plate-shaped chloropl. resembling that of Deharya, 
Chloropl. of adjacent cells usually in the same plane, so that a 
whole filament shows them in surface or in profile; rotation of 
the chloropl. from the surface to the profile position results on 
exposure to strong sunlight in about 30 minutes*. Nucleus 
apposed to one surface of the chloropl., in the middle of the 
cell (fig. 100, B). In the process of conjug. (nearly always 
scalariform) the greater part of the cytoplasm of the gametangia 
passes into the canal where fusion occurs; subsequently, and 
before the development of a membrane by the zygote, the latter 
becomes cut off from the gametangia by two (fig. 100, F), 
three, or four (fig. 100, I) walls; the number of surrounding 
sterile cells thus produced depends upon the position and size 

^ De Bary, 1858, p. 13. * cf. West, 1916 a, p. 358, footnote. 

® De Bary, 1858, pp. 16, 19; Wittrock, Bih. 1C. Sv. Vet.-Akad. HaiuH. i. 
No. 1, 1872, p. 85. 

* Lewis, Ann. of Bot. xii, 1898, p. 418. 
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of the zygosp. and is subject to some variation in one and the 
same sp. Zygosp. spherical, or quadrate and more or less 
flattened with rounded or truncate angles; the outer layer of 
the membrane is formed by the conjug.-canal and the above- 



Fig. 100. A, Mougeotia sp., from Frizinghall, W. Yorks, young filament 
showing organ of attachment (x 100). B, M, capucina (Bory) Ag., from the 
New Forest, Hants, showing edge of plate-like cliloroplast (x430). C, 
M. viridis (Kiitz.) Wittr. (x445). Il-H, M, parvula Hass.; D-F, from 
Epping Forest, Essex; G and H, from near Settle, W. Yorks (x445). 
I, M. gracillima (Hass.) Wittr., from Esher West-end Common, Surrey 
( X 445). cp and z, zygospore ; sp, gametangium. 
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mentioned septa, further continuous thickening layers being 
deposited internally, while the surrounding sterile cells remain 
attached to the zygosp. for a long time. 

As in other Zygnemales irregularities in con jug. are occasion- 
ally observed. The terminal cell of a thread sometimes enters 
into con jug. through its free end without the development of 
a tube. Con jug. has been recorded between cells of three distinct 
filaments, whilst in M, capucina double zygosp. (cf. certain 
Desmids, p. 261, and abnormal cases in Spirogyra, p. 237) have 
been noted. Conjug. between different sp. has rarely been 
recorded. 

Sp. of this genus are extremely abundant in mountain tarns and 
lakes, and in the summer months they flourish in small pools up to 
3000 ft. elevation. In such situations conjug. is rare and the Algae 
persist through the winter largely by the formation of resting akinetes, 
which are of the same form as the vegetative cells. In the plankton 
of large lakes the filaments are often much twisted and coiled (cf. 
West and West, 1905, p. 497; West and West, 1909 a, p. 169). 

There are about 15 Brit, sp., of which M. scalaris Hass. (32-35 hr.) 
is the largest and M. elegantuki Wittr. (3-5-4*5 br.) is one of the smallest; 
the former has rounded and the latter quadrate zygospores. The two 
most abundant sp.-are M. parouln Hass. (fig. 100, D-H) and M, 
gracillima (Hass.) Wittr. (fig. 100, I), which conjugate freely in all 
parts of the country and at all elevations up to 1200 ft. M. genuflexa 
(Dillw.) Ag., which often shows lateral conjug., is frequent in ditches 
and pools. M, gelatinosa Wittr. is one of the rarest Brit, sp.; it is 
characterised by a curious gelatinous investment of the zygosp. In 
M. capucina (Bory) Ag. the chloropl. sometimes assumes the form 
of an irregular axile rod, connected with the lining layer of cytoplasm 
by fine colourless strands, while the vacuoles contain a purple sap. 

Gonatonema Wittrock, 1878^. Filaments similar in all respects 
to those of Mougeotia, but reprod. effected solely by partheno- 
spores formed generally from the whole of the protoplasm of the 
cells, the latter usually becoming genuflexed at their point of 
formation. During the development of the spores, and just 
before the rounding off of the protoplast, the latter in rare cases 
divides more or less completely into two. The mature spores 
occupy only a small median portion of the cells producing them 
and are cut off from the empty parts by two septa; there is a 
greater difference in size between the spores of different sp. than 
can be accounted for by the difference in cubical capacity of the 
parent-cells. 

^ Wittrock, Bih. K. Sv. Vet.-Ak, Handl. v, 1878, No. 5; West and West, 
1897, p. 476; West and West, 1898, p. 39; West and West, 1902, p. 17. 
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Sp. of this genus are amongst the rarest of the Conjugatae. G. nota- 
bile (Hass.) Wittr. {Mesocarpus notabilis Hass.), with cells 12-15 br., 
has not been found since its discovery by Hassall in 1845. G. ventri- 
cosum Wittr. (cells 7-5-8*6 br.) (fig. 101, G-J) is known from Ireland, 



Fig. 101. A-F, Gonatonema Boodlei W. & G. S. West, from Mitcham 
Common, Surrey. G-J, G. ventricosum Wittr., from the river above Crolly 
Bridge, Donegal, Ireland. (All x 445.) a, parthenospore. 

and G. Boodlei W. & G. S. West (cells 5-5-5 br.) (fig. 101, A-F) has 
been found in Surrey. The parthenospores of G. ventricosum differ 
considerably from those of G. Boodlei and are sometimes produced 
by the swelling of the free end of the terminal cell of a thread. 
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Series II. DESMIDIACEAE (Placoderm Desmids) 

The Placoderm Desmids are remarkable for their great 
diversity of form, the often extraordinary complexity of the 
cell-outlines, and their wonderful symmetry. They include 
indeed some of the most beautiful of microscopic objects. The 
majority are unicellular, but a certain number of genera are 
colonial, the individuals being united in most cases to form long 
filaments (fig. 118). Desmids are essentially free-floating and 
frequently occur in great abundance in small ponds, in the quiet 
margins of rocky lakes, in Sphagnurn-hogs, and in other favourable 
localities, but they are altogether restricted to freshwaters^. 

Except in Closterium (fig. 106) and some species of Penium 
the Desmid-cell exhibits a more or less distinct constriction into 
two perfectly symmetrical halves (fig. 103, C-F); each half is 
termed a semicell (even where no constriction occurs) and the 
narrower part connecting the two semicells is known as the 
isthmus. The excavation resulting on either side from the con- 
striction or narrowing of the cell is known as the sinus and in 
most deeply constricted forms this is linear (fig. 103, F). 

There are several thousand known species of Desmids about 
one-sixth of which are British, and almost all of them can be 
readily identified by their external morphological features., 
Some are cylindrical with rounded (e.g. Penium (fig. 105, A-C)), 
truncate (e.g. Pleurotaenium (fig. 108)), or attenuated (e.g. 
Closterium (fig. 106)) apices. Many of them are flattened, as is 
the case with most species of Cosmarium (fig. 112) and all species 
of Euastrum (fig. 110), whilst in Micrasterias (fig. Ill) the 
majority of the species are disciform. In such flattened Desmids 
there are three principal planes of symmetry at right angles to 
one another and they require to be examined in three positions. 
The most important aspect is the front-view (fig. 103, F, /), in 
which the cell is observed in the plane containing the two 
longest axes and in which it naturally rests. The other important 
aspects are the vertical- or end-view (fig. 103, F, v) and the side- 
or lateral-view (fig. 103, F, s). In the genus Staurastrum (fig. 
103, E; fig. 115) the cells have a radiate character, with 2-, 3-, 
4-, or more-angled end-views, the corners being often drawn out 
into long processes. 

The wall of the Desmid-cell invariably consists of two halves*, 

^ Cosmarium salinum Hansg. has been described as inhabiting brackish 
water (cf. Hansgirg, Osterr. Bot. Zeitschr. xxxvi, 1886, p. 835). 

* Of more than two pieces in a few species of Closterium (p. 270) and 
Penium (p. 268). 
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one of these belonging to an older generation than the other. 
The two halves have bevelled edges and fit so closely over one 
another and are so firmly connected that they are not easily 
recognisable in the living individual, especially not in many of 
the constricted forms. They come apart, however, during 
conjugation (cf. fig. 104) and sometimes after death; separation 
can often also be induced by treatment with alkalis. The mature 
wall is further composed of two well-differentiated layers. The 
inner one is structureless and consists mainly of cellulose; the 
outer is stronger and thicker and is composed of a basis of 



Fig. 102. A-B, Closterium lanceolatum Kiitz. (after Carter); A x350; B, 
transverse section x550. C, Micrasterias Crux~melitensis (Ehrenb.) Hass., 
small part of cell, stained with methylene blue (after Schrbder, x440). 
C/, Cosmarium turgidum, pore-organs (after Hauptfleisch). D-E, Xanthi’ 
dium Brebissonii Halfs (after Carter, x350), transverse sections of two 
different individuals. F, Cosmarium subtumidum Nordst., and G, C. pseudo- 
pyramidatum Lund., transverse sections (after Carter, x 550). H-I, C. reni- 
forme (Ralfs) Arch, (after Carter, x 550). 

cellulose impregnated with various other substances which 
include iron-compounds (most prominent in some species of 
Closterium and Penium), This outer layer frequently bears 
granules, spines, warts, or other protuberances, most of which 
show a definite arrangement (cf. figs. 112, 118). External to it 
is a thin diffluent mucilaginous coat (fig. 102, C), but in some 
Desmids the mucus is more abundant, completely surrounding 
the individual or, in colonial forms, the colony. This mucilage is 
frequently the home of epiphytes or of numerous rod-shaped 
Bacteria. It is by means of the mucous envelope that Desmids 
adhere to other larger aquatic plants and sometimes, when 
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rapid multiplication has taken place, enormous numbers of 
individuals occur embedded in masses of jelly. Sometimes the 
mucus is very tough, as for instance when it forms the pads or 
processes by means of which the individuals are connected in 
the filamentous forms (figs. 116, 117). The cell- wall sometimes 
contains a trace of silica. 

The mucilage is secreted through pores ^ which traverse the 
wall (fig. 102, C) and are not uncommonly clearly recognisable 
without special treatment ; they are absent in Penium and some 
small species of Cosmarium. In several genera the pores are 
almost uniformly distributed (e.g. Micrasterias (fig. 102, C)), 
except that they always appear to be lacking in the region of 
the isthmus. In richly ornamented forms, like many of the 
species of Cosmarium, they are commonly grouped symmetri- 
cally around the bases of the spines, warts, etc. of the outer 
layer of the wall. In Closterium they are arranged in longitudinal 
rows in the narrow grooves between the fine ridges with which 
the membrane is here often provided. 

In the inner layer of the wall the pore^ is a simple canal, but 
in the outer the canal is surrounded (in all genera except 
Closterium) by a specially differentiated cylindrical zone, not 
composed of cellulose. This is termed a “pore-organ” (fig. 102, 
C') by Lutkemiiller who has investigated these structures most 
fully. The canals are no doubt in all cases occupied by threads 
of mucilage in process of excretion. At the inner surface of the 
wall they often terminate in lens- or button-shaped swellings, 
whilst from the outer end of the pore-organs there sometimes 
arises a delicate radiating or club-shaped mass of mucilage 
through which the canal passes and which apparently may be 
more or less permanent in character (fig. 102, C'); mostly, 
however, these external processes are altogether wanting or 
merely represented as small perforated buttons (fig. 102, C). 
In many of the larger Desmids there are numerous smaller 
thread-like pores between the bigger ones and confined to the 
outer layer of the wall. 

The envelope of mucilage which, as Schroder has shown, can 
usually be readily demonstrated by placing the cells in diluted 
Indian ink, for which the mucus has no affinity, often (except 
Closterium, Arthrodesmus) exhibits a prismatic or fibrillar 

^ Klebs, Unters. Bot. Inst. Tubingen, ii, 1886, p. 378; Hauptfleisch, 
Zellmembr. u. Hiillgallerte d. Desmidiaceen, Diss, Greifswald, 1888; 
Liitkemuller, Osterr. Bot, Zeitschr. xliv, 1894, p. 11, and Cohn’s Beitr. 
z. Biol. d. Pfl. VIII, 1902, p. 347; SchrOder, Verhandl. Nat.-med. Ver. 
Heidelberg, vii, 1902, p. 153. 

* The structure is well seen on staining with concentrated fuchsin, 
gentian violet, etc. (cf. SchrOder, loc. cit. p. 166). 
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structure, especially in the inner region. This structure no doubt 
corresponds to the exudation of mucilage through the individual 
pores in the form of a number of closely apposed prisms. Where 
special mucilage-masses are recognisable external to the pore- 
organs, each of these occupies the middle of one of the prisms. 



(xl84). B, C. Leibleinii Kiitz., from near March, Cambs (x384). C, 
Micrasierias oscitans Ralfs var. mucronata (Dixon) Wille, from Kerry, 
Ireland (xl84). D, Cosniarium cucurbUinum (Biss.) Liitk., from near 
St Just, Cornwall (x435). E, Staurasirum Kjellmani Wille, from 2600 ft. 
on Glyder Fawr, N. Wales ( x 435). F, Cosmarium snJbiumidum Nordst. var. 
Klebsii (Gutw.) W. & G. S. West (a form), from near Ely, Cambs (x485). 
/, front- view; .v, side-view; i>, end-view. 

The slow movements frequently exhibited by Desmids, when 
in contact with a substratum, are due to local exudation of 
mucilage^. The latter is usually excreted through specially large 
pores situated near the ends of the cells, and irregular worm- 
shaped masses two or three times the length of the cell may be 

1 Klebs, Biol. Centralbl. v, 1885, p. 358; and SchrOder, loc. cit. p. 158. 
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secreted at these points in the space of an hour. In Closterium 
the cells often perform pendulum-like movements about one 
fixed extremity; sometimes the free end swings through 180° 
to become attached in its turn, whilst the other repeats the 
movement. Thus, by a series of somersaults, each occupying 
6-85 minutes according to the temperature, the cell moves 
forward over the substratum. In other genera the movements 
seem more erratic, although a forward gliding is sometimes noted. 

The Desmid-cell always has a single nucleus which is usually 
embedded in a small median mass of cytoplasm (figs. 102, A, H; 
103, A) in the region of the isthmus. The chloroplasts have re- 
cently been very thoroughly investigated by Dr Nellie Carter^. 
In the vast majority of cases they are axile and there is one in 
each semicell (fig. 102, F, G), although two 'occur in each semi- 
cell in many species of Cosmarium (fig. 102, H, I) and Xanthidium 
(fig. 102, D), as well as in Euastrum verrucosum. Such axile 
chloroplasts typically consist of a central portion (a rod in such 
elongate forms as Closterium (figs. 102, B and 103, B), and 
Penium; a central mass in other genera, cf. fig. 103, E), from 
which a number of plates or processes extend towards the peri- 
phery. There is a clearly recognisable tendency in many, and 
especially the larger, species of Cosmarium, Euastrum, etc. for 
the ends of these processes to spread out into parietal, sometimes 
richly lobed or fringed, plates within the bounding cytoplasmic 
layer (fig. 102, G), and the extent of this parietal development 
may vary considerably in one and the same species. In Cos- 
marium Brehissonii Menegh. some individuals have elaborate 
axile chloroplasts, whilst others have no axile system at all and 
instead possess a number of parietal chloroplasts (cf. also fig. 102, 
D and E). In several species (e.g. Cosmarium Cucumis Corda, 
C. ovale Ralfs, Staurastrum tumidum Breb., many sp. of XarUhi- 
dium and Pleurotaenium) the chloroplasts are solely parietal and 
occur as a number of bands in each semicell. All the evidence 
points to a close relation between the two types pf chloroplast- 
construction, the parietal system being probably a later develop- 
ment than the axile one and apparently often arising pari passu 
with an increase in the size of the cell. 

In Desmids having axile chloroplasts the pyrenoids are usually 
located in the central portion (figs. 102, A, D, F, G; 108, B, D-F); 
in Closterium (fig. 108, B) and Tetmemorus there is a row of 
pyrenoids, in other cases a single one. Carter and Ducellier* 
have however drawn attention to the frequent multiplication 
of the central pyrenoid (cf. fig. 102, H), although since the 

^ Ann. of Bot. xxxin, 1919, pp. 215, 295, and xxxiv, 1920, pp. 265, 808. 

* Bull. Soc. Bot. Geneve, 2 s6r. ix, 1917, p. 8. 
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products of its division remain close together this may be difficult 
to recognise except in carefully fixed and stained specimens. 
This multiplication probably shows the way in which the scat- 
tered pyrenoids found in the chloroplasts of some forms have 
arisen; this condition is met with in Closterium Ehrenhergii 
(fig. 103, A), many species of Euastrum, and occasional species 
of Cosmarium (e.g. C. Ralfsii Breb.) and Staurastrum (e.g. 
S, grande Bulnh.). A number of pyrenoids are also found in each 
of the parietal chloroplasts above mentioned. Carter^ further 
records, in a considerable number of the species examined by her, 
small naked pyrenoids devoid of a starch-sheath, and such may 
be met with in the peripheral processes when the ordinary 
pyrenoids are restricted to the central mass. 

In Desmids with large axile chloroplasts vacuoles may be 
absent or much reduced, but in those with parietal chromato- 
phores large vacuoles are often present in the central parts of 
the cell. In Closterium (fig. 103, A and B) and Pleurotaenium 
there is a well-marked terminal vacuole at each extremity of the 
cell, containing one or many vibrating granules of irregular or 
definite shape; in Closterium they have been shown to be minute 
crystals of gypsum 2 . Their movements cease with the death of 
the cell. Circulation of the cytoplasm is often well seen in the 
larger species of Closterium^ etc. 

The usual method of multiplication is by cell-division, and in 
many species this would appear to take place indefinitely with- 
out conjugation occurring. It is a striking fact that in many 
frequently found Desmids sexual reproduction has either never 
been observed or only very rarely. On the other hand, in some 
species conjugating individuals are very commonly encountered. 
The process of cell-division is complicated by the bipartite 
structure of the wall and some points relating to it still remain 
obscure. Division occupies about a day in the smaller, several 
days in the larger species. 

In a simple unconstricted form like Hyalotheca (fig. 118) the 
process shows much resemblance to that found in species of 
Mierosporay division being initiated by the development of a 
cylindrical strip of membrane on the inner side of the wall at 
the level of the junction of the two semicells; the septum arises 

1 loc. cit. 1919, p. 226. 

* If Desmids are kept in small glass vessels (i.e. under abnormal con- 
ditions) large vacuoles, generally containing numbers of minute pale 
yellow moving corpuscles different in appearance from those of Closterium ^ 
are found in the cytoplasm. When present in large numbers, they make 
the cell appear almost black. Under abnormal conditions they develop in 
most of the genera and at the same time the sap often acquires a violet 
colour owing to the appearance of phycoporphyrin. 
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from this as an annular ingrowth and later splits into two^. In 
Desmids with a marked median constriction (e.g. Cosmarium) 
the first step is an elongation of the isthmus, causing a slight 
separation of the two semicells and accompanied by the develop- 
ment of a cylindrical strip of membrane between them. The mode 
of origin of the strip of membrane is not altogether clear. 
Within the elongated isthmus a transverse septum is formed 
demarcating the two new halves and later splitting into two. 
The young semicells gradually enlarge, but usually remain in 
contact by their apices (fig. 112, L) until they are practically 
fully grown It would seem that in some cases the membrane 
of the new semicell remains smooth and that a second membrane 
with the typical ornamentation of the species develops on its 
inner side®, but it is not known whether this is the rule or the 
exception. The cell-division of Closterium is of a rather different 
type and is dealt with on p. 269. 

The young semicells are clearly recognisable and nuclear 
division is complete before any change takes place in the 
chloroplasts of the parent. At a certain stage, however, the 
choroplasts commence rapidly to enlarge and extend through 
the isthmus from the old into the new semicell, so that as the 
latter reaches its full size it is generally uniformly green. Division 
of the chloroplasts then occurs at the isthmus. 

In the process of conjugation two^ individuals become 
approximated and enveloped in mucilage; in the Cosmarieae 
they are not uncommonly placed at right angles to one another 
(fig. 104). In many Desmids the semicells of each individual 
come apart at the isthmus and the protoplasts are set free and 
fuse; in some cases, however, more or less distinct protuber- 
ances of variable size arise from the isthmus of each conjugating 
cell (fig. 104, B) and join to form a tube within which fusion 
occurs. In the filamentous types dissociation into the individual 
cells (figs. 118, H; 119, G) occurs prior to conjugation, except in 
certain species of Desmidium (e.g. £>. Swartzii), The zygospore 
is formed between the conjugating ‘cells with the sole exception 
of Desmidium cylindricum Grev.®, where it is lodged within the 

^ This account is according to Hauptfleisch, loc. cit. p. 46. Acton (Ann. 
of Bot. XXX, 1916, p. 379) makes no detailed statements on this matter, 
nor do her figures show this mode of origin of the septum. 

* cf. De Bary, 1858, p. 43; Liitkemuller, loc. cit. 1902, p. 360; Carter, 
loc. cit. 1920, PI. XVI, figs. 61--65. 

’ Hauptfleisch, loc. cit. pp. 52, 53; Lutkemfiller, p. 362. 

^ As an abnormality three or even four individuals may participate in 
the formation of a zygospore. 

^ Occasion^ly also in Hyalotheca dissiliena (cf. Boldt, Bih. Sv. Vet.-Ak. 
Handl. xin, Afd. iii, 1888, No. 5, t. II, fig. 53; Joshua, Journ. of Bot. xx, 
1882, p. 301). 
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female cell (fig. 119, C). The mature zygospores have a membrane 
of three layers, of which the inner is thin and colourless, the 
middle one brown and firm, and the outer either smooth or 
covered with variously arranged warts or spines. 



Fig. 104. A-C y 'Staurasirum Dickiei Ralfs; three stages in conjugation, 
from the New Forest, Hants (x356). D and E, Penium didymocarpum 
Lund.; D, conjugation of four individuals just produced by division; 
E, completed conjugation showing the double zygospore ; from near Balal- 
Ian, Lewis, Outer Hebrides ( x 464). F, Closterium linecUum Ehrenb., showing 
the double zygospore, from near Glen ties, Donegal, Ireland (xlOO). 
2 , zygospore. 


It frequently happens that conjugation ensues between the 
two daughter-individuals immediately after division and before 
the young semicells have arrived at maturity in such cases 

^ Archer, Quart. Jpurn. Microscop. Sci. ii> 1862, p. 251; W. and G. S. 
West, Journ. Roy. Microscop. Soc., 1896, p. 151. 
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there can be no question of marked differentiation of sex. Con- 
jugation between adjacent cells of filamentous forms (i.e. lateral 
conjugation) has been observed in species of Sphaerozosma and 
Spondylosium, but such cases arc very rare. It is unlikely that 
hybridisation will often occur in view of the rarity of conjugation 
in Desmids; in fact only one example has been described and 
this was not followed up^. 

Double zygospores (cf. Spirotaenia, p. 227) are formed as an 
occasional phenomenon in a number of species, but their pro- 
duction is the rule in Closterium lineatum (fig. 104, F), C. Ralfsii 
var. hyhridum, Cosrnarium diplosporuni, and Penium didymo- 
carpum (fig. 104, D and E). In the last-named species the paired 
zygospores arc formed by conjugation between four cells 
produced by two consecutive divisions of one individual. In 
the two species of Closterium each zygospore is formed by the 
union of a pair of gametes, one produced from a semicell of each 
individual. 

The formation of what are probably to be regarded as parthe- 
nospores has been observed very occasionally in species of 
Closterium and Cosrnarium, as well as in Spoudylosiurn nitens 
(Wall.) Arch.*-^ and species of Hyalotheca (fig. 118, E)^. Klebs 
was also able to induce their formation artificially in Closterium 
Lunula and Cdsmarium Botrytis^, 

The zygospores undergo a prolonged resting period and fusion 
of the gamete nuclei is delayed until just prior to germination, 
the details of which are only known in a few cases^. The 
chloroplasts of the gametes usually become indistinct during 
conjugation, but in the mature zygospores two chlorophyll- 
containing masses are often recognisable. According to Kauff- 
mann® two of the four chloroplasts of the gametes disintegrate 
during maturation of the zygospores of Penium, Closterium, and 
Staurastrum, As in other Conjugatae, two successive nuclear 
divisions take place in the germinating zygospore; of these the 
first is presumably the reduction division. Thereupon the con- 
tents, which have escaped from the outer envelopes of the spore, 
divide into two individuals, each with one chloroplast and 
two nuclei, one of which enlarges while the other gradually 

^ Archer, Quart. Journ. Microscop. Sci. xv, 1875, p. 414. This was a 
zygospore produced by the coniugation of a cell of Euastrum Didelta with 
one of E. humerosum. 

2 Wallich, Ann. Mag. Nat. Hist., ser. 3, v, 1860, t. VII, fig. 14; Turner, 
K. Sv. Vet.-Ak. Handl. xxv, 1892, No. 5, t. XVIII, fig. 7. 

3 West and West, 1898, t. IV, figs. 23-27. * Klebs, 1896, p. 260. 

® De Bary, 1858, p. 52; Millardet, M6m. Soc. sci. nat. Strasbourg, vi, 

1870, p. 88; Klebahn, Jahrb. Wiss. Bot. xxii, 1890, p. 420. 

« Zeitschr. f. Bot. vi, 1914, p. 764. 
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disappears. The production of two individuals would seem to be 
usual in Desmids, but in some cases there are four^. The first- 
formed cells are devoid of the characteristic markings of the 
species, but these are acquired by the new semi cells after the 
first vegetative division. 

The phylogeny of the Desmidiaceae is a debatable matter. 
G. S. West^ regarded them as “a degenerate family of Con- 
jugatae which has originated by retrogression from filamentous 
ancestors. The degeneration has brought about a loss of the 
filamentous condition, accompanied by the development of 
specialised morphological characters, and this has gone hand in 
hand with the loss of sexual differentiation of the conjugating 
cells” (West, 1904, p. 142). Debarya Desmidioides W. & G. S. 
West was regarded as filling “up the link that was missing in 
the chain of evidence which goes to show that Cylindrocystis 
and Mesotaenium, and following on that nearly all the other 
genera of Desmids, were most probably derived from filamentous 
ancestors” (p. 143). It is impossible to gainsay the possibility 
of such a view being correct, since degeneracy of the Desmids 
is perhaps also shown in the rare occurrence of conjugation in 
many species. At the same time there are many difficulties to 
face if one adopts this view, not the least of which is the mode of 
origin of the elaborate wall-structure of the Placoderm Desmid. 

The same difficulty is encountered in accepting Oltmanns’ 
view that Zygnemales and Desmidiaceae have diverged from 
an ancestry resembling the Mesotaeniales (cf. p. 225); but it is 
the only difficulty. The Mesotaeniales present us in the main 
with simple forms possessing chloroplasts of a pattern like those 
of the other two series and four individuals are normally pro- 
duced from the zygospore by contrast with the two of Desmidia- 
ceae and the single one of Zygnemales. The fact that some 
Mesotaeniales produce only two, whilst Desmidiaceae may 
occasionally form four, does not in any way detract from the 
obvious primitiveness in this respect of the former. G. S. West 
also places Cylindrocystis and Mesotaenium at the base of his 
evolutionary scheme of Desmids, and the two views really only 
differ in the place assigned to the Zygnemales. The present writer 
altogether agrees with Oltmanns in placing Mesotaeniales first 
and Zygnemales as a probable elaboration of such forms. With 
regard to the Desmidiaceae proper, while recognising the great 
resemblance, it seems better to adopt a more conservative 
attitude, in view of the importance of a bipartite structure of the 

^ cf. Turner, Proc. Linn. Soc. London, 1922, p. 59. 

* West and West, 1898, pp. 53, 55; G. S. West, Joum. Linn. Soc., Bot. 
XXXIV, 1899, p. 409; West, 1916 a, p. 377. 
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wall in other classes of Protophyta and its occasional occurrence 
also in some of the other groups of Isokontae. 

There is undoubtedly a great tendency towards the secondary 
assumption of a filamentous condition in Desmids. Not only 
has this resulted in the production of true filamentous types 
(Spondylosium, Desmidiurn, etc.), but the same trend reveals 
itself in certain speeies of genera whieh are normally unicellular. 
Thus, filamentous forms are occasionally met with in species of 
Cosmarium (e.g. C. ohliquum Nordst., C. moniliforme (Turp.) 
Ralfs, etc.), in Euastrum binale (Turp.) Ehrenb., and Stauras- 
trum inconspicuurn Nordst., whilst the tropical Micrasterias 
foliacea Bail, is a true filamentous member of a typically uni- 
cellular genus with complex cell-outlines. 

Desmids, like other Algae, are subject to some variation, but 
the shape of the cell, the structure of the cell-contents, and 
especially the markings embellishing the exterior of the cell- 
wall, are often astonishingly constant^. No one who has seen 
Desmid-gatherings from different quarters of the globe can fail 
to be struck with the constancy of these characters. The outward 
form of the cell, as seen in front-view, varies within certain 
usually narrow limits, the shape of the end-view being generally 
more constant than that of the front- view. Prolific growth and 
rapid division have a tendency to produce variations from the 
typical form and such are usually found in the unnatural 
conditions of pure cultures^. On the other hand, changes in the 
conditions of the environment cannot affect the characters of 
a species, unless they act for a long period. 

G. S. West (1904, p. 144) regarded it as highly probable that 
the complexity of outline of the Desmid, which is so frequently 
accompanied by a defensive armour of spines and processes, 
serves as a means of defence against the attacks of small aquatic 
animals. It is noticeable that species occurring on wet rocks and 
in other localities where Amoebae, Oligochaetes, Tardigrades, 
Crustacea, etc. are either absent or very scanty, especially at 
high elevations, usufilly possess a comparatively simple outline 
and are provided with more or less abundant mucilage ; whereas 
species occurring in deep bog-pools, in the plankton, and the 
quiet margins of deep lakes, in which localities such enemies 
abound, are generally possessed of a more complicated, and in 
many cases of a formidable exterior. Many species of plankton- 

1 De Wildeman, Annales Soc. Beige de Microscop, xviii, 1894, p. 57; 
G. S. West, loc. cit. p. 376; Com^re, Bull. Soc. Bot. France, liv, 1907, 
p. xlii; Ducellier, Bull. Soc. Bot. Geneve, vii, 1915, p. 75. 

* With reference to such cultures, see Pringsheim, Ber. Deutsch. Bot. 
Ges. XXXVI, 1918, p. 482. 
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Desmids are highly adapted to a floating life, either by the 
possession of a thin plate- {Micrasterias) or needle-like form 
(some sp. oi Closi rmni), by the protrusion of the eell into more 
or less elongated proeesses (Stmirastrwn), or the presence of long 
spines {Xanthidiian, Arthrodesrnufi); such equipment no doubt 
also constitutes a mechanism for anchorage in times of flood. 

The only area from which Desmids arc seemingly practically 
absent is the Antarctic continent. As our knowledge of the 
geographical distribution of members of this family increases, 
it is becoming apparent that they arc by no means ubiquitous, 
as has often been sup|)oscd. True, a considerable number of 
species seem to enjoy a practically world-wide distribution. 
There ar(‘ many species, long since described and easily recognis- 
able*, however, which have only l)cen recorded from certain parts 
of the world, and Ci. S. West was among the first to draw atten- 
tion to what seem to be dehnite American, Arctic, African, etc. 
types. Since Desmids so rarely form zygospores, dispersal over 
any great area is probably a slow process; the ordinary indivi- 
duals are very sensitive e\'cn to [)artial drying, and submergence 
in sea-water is equally fatal. Under these circumstances carriage 
over any wide expanse of sea by birds is out of the question, 
except for very small species or for the rarely formed zygospores. 
Dispersal has probably in the main been effected over land- 
surfaces by slow steps from piece of water to piece of water, and 
it is therefore not out of the question that a sound knowledge 
of the distribution of Desmids would shed much light on the 
subject of previous land-connc(*tions. 

Within a limited area such as the British Isles the distribution 
of Desmids seems largely conditioned by ecological factors. 
Desmids thrive best in soft water and they are usually most 
numerous in peaty water which has a trace of acidity. With few 
exceptions (e.g. Cosmarium Dovrense, Oocardium stratum) they 
do not nourish in water containing carbonate of lime in solution. 
Certain Desmids are habitually found on wet dripping rocks 
among Bryophytes (e.g. Cosmarium anceps, C\ Holmiense, 
C. pseudarctoum, Staurastrum Meriani, etc.). Others may be 
described as montane being found only at higher altitudes (e.g. 
Cosmarium cymatopleurim , C\ cyclicum, Staurastrum acarides, 
S, Kjellniani, etc.)^, Messrs West^ have further shown that in 
the British Islands one can distinguish a western Desmid-flora 
restricted to pieces of water combining a suitable habitat with 
drainage- water derived from geological formations older than 
the Carboniferous; this includes such distinctive forms as 

^ W. and G. S. West, Monogr. Brit. Desm., Kay Soc. i, 1904, p. 14. 

^ West and West, 1909 a, p. 199. 
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Staurastrum Ophiura, S, Cerastes, S. Arctiscon, Micrasterias 
radiata, Pletirotaeniwn nodosum, etc. Many of the larger 
British lakes possess a plankton in which such Desinids play an 
important rdle^, and Pearsall ^ has shown that such are character- 
ised by a rocky basin, and waters with a high ratio of sodium 
and potassium, as compared with calcium and magnesium. 

Especially typical of ponds are various species of Closteriurn 
(e.g. C. moniliferurn, C. acerosum, C. rostratum, etc.), Cosrnariuni 
Botrytis, C. granatuni, C, Meneghinii, and Staurastrum punctu- 
latum. 

The classification of Desmids is not altogether easy. Whereas 
the genera are readily distinguished from one another as far 
as the bulk of their species is concerned, a certain number of 
the latter are usually difficult to assign, since at their limits 
the genera pass over into one another. In no other group of 
Algae can such complete sets of transitional forms be found. 
Our knowledge of British Desmids has been very materially 
advanced by the excellent monograph of W. and G. S. West^, 
which has been of fundamental importance for the study of the 
group. 

The following synopsis, which also includes the Saccoderm 
Desmids (cf. p. 225), is reproduced with little modification from 
that given in the earlier edition of this work: 

I. Cell-wall unsegmented and without pores, point of div. of cells 

indefinite^ Saccoderm Desmids (Mesotaeniales, p. 225) 

A. Cells not many times longer than broad 

a. One chloropl. in each cell 

1. Chloropl. spirally twisted, axile or parietal 

Spirotaenia (p. 227) 

2. Chloropl. plate-shaped, axile Mesotaenium (p. 229) 

b. Two chloropl. in each cell 

1. Chloropl. stellate with a large central pyren. 

Cylindrocystis (p. 229) 

2. Chloropl. with a central rod bearing longit. ridges 

Netriiim (p. 230) 

B. Cells usually many times as long as broad* Roy a (p. 230) 

II. Cell-wall segmented, with a differentiated outer layer, and usually 

with pores, cell-div. follows a fixed type, with the interpolation 

of younger halves between the old ones 

Placoderm Desmids (p. 253) 

^ cf. also Pearsall and Pearsall, .Journ. Linn. Soc., Bot. xlvii, 1925, p. 55. 

2 Proc. Roy. Soc., B, xcii, 1921, p. 276; and Rev. algol. i, 1924, p. 53. 

® Ray Society, vols. i-v, 1904-1923. The last volume with the collabora- 
tion of Dr N. Carter. 

* cf. also Gonatozygaceae, p. 240. 
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A. Point of div. of cells variable or sometimes fixed (at the isthmus) 
n. (’ells short or of moderate length, straight, cylindrical, some- 
times with a slight median constriction ; wall without pores ; 
point of div. of cell sometimes variable; girdle-bands (p.270) 
commonly present Peiiieae 

Only genus Peniiim 

h. C’clis elongate, generally curved and attenuated towards each 
extremity; wall usually with pores, often longit. striated; 
point of div. in middle region of cell; girdle-bands present 
in some sp.; apical vacs, with gypsum-cryst. Closterieae 
Only genus Closterium 

H. Point of div. of cells always fixed (at the isthmus) ; cell-form very 
varied, but usually with a median constriction; wall of two 
thin firm layers traversed by pores; girdle-bands never 
formed Cosmnrieae 

a. The septum formed during division of the cell remains plane 
1. Cells usually solitary, separating after div. 

* Cells elongated and cylindrical, constriction slight 
t Apices of cells truncate or rounded 
§ Base of semicells plicate Docidium 

§§ Base of semicells plane Pleurotaeniuvi 

tt Apices of cells cleft, incision open or narrow 
8 Wall adorned with rings of furcate processes 

Triploceras^ 

§§ Wall plane 

X Apical incision widely open, each apical angle with 
a spine Icthyocercus^ 

J J Apical incision narrow Tetmemorus 

♦♦ Cells relatively short, end-view commonly elliptical or 
radiating, constriction usually deep 
t Cells compressed (at right angles to plane of front- view) ; 
end-view usually fusiform or elliptical 
§ Cells generally with an apical incision and a central 
protuberance, moderately lobed Euasirum 

§§ Cells very compressed and deeply lobed or incised 

Micrasterias 

§§§ Cells with a more or less entire margin, often furnished 
with warts or spines 

X Cells commonly with a central protuberance 
0 Wall smooth, granulate, verrucose, etc. ; central 
protuberance present or absent Cosmarium 

00 Wall with regularly arranged spines, commonly 
in pairs ; central protuberance always present 

Xanthidium 

iX Cells without a central protuberance, angles spinate 

Arthrodesmus 

^ Not so far recorded in the British Isles. 
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tt End-view commonly radiating, triangular, 4-angular 
or up to 11 -radiate, rarely fusiform Staurastrum 

2. Cells attached to form colonies, not separating after div. 

* Colonies spheroidal, cells not in contact, but joined by 

gelatinous bands 

t Gelatinous bands narrow, microscopic colonies of few 
cells Cosmocladium 

tt Gelatinous bands tubular, forked, calcified, macros 
scopic colonies of many cells Oocardium 

** Colonies filamentous, cells attached by their apices 
t Cells attached by special apical processes 
§ Apical processes very short Sphaerozosma 

§§ Apical processes long and overlapping the apices of 
the adjoining cells Onychonema 

tt Apices of cells plane and flat 
§ Cells deeply constricted 

t End-view elliptical Spondylosium 

t J End-view 4-angular, with produced angles 

Phymatodocis ^ 

§§ Cells very slightly constricted Hyalotheca 

b. The septum formed during cell-division develops a girdle-like 
thickening or ingrowth, which projects both ways into each 
of the old semicells; cells attached to form filamentous 
colonies 

1. Cells joined by special apical processes Streptonemn^ 

2. Cells joined by their flat apices or by flattened apical pro- 

jections 

♦ Cells short, end-view fusiform, triangular, or 4-angular 

(rarely circular with produced angles) Desmidium 
** Cells elongate, cylindrical Gymnozyga 

Sub-family 1. Penieae 

Penium Brebisson, 1844; emend. Liitkemuller, 1905^. Cells 
of moderate length, solitary, straight, cylindrical, subcylindrical, 
or ellipsoidal, with rounded or truncate apices, sometimes with 
a slight median constriction; vertical view always circular. 
Cell-wall without pores, sometimes quite smooth, but the inner 
layer often ornamented with striations, punctulations, or 
granulations; outer layer sometimes yellow or reddish-brown 
owing to iron-compounds. Chloropl. axile, one in each semicell, 
with radiating longit. plates with an entire margin ; pyren. one, 
or several in a single series in the central body of the chloropl., 
in some sp. much elongated and surrounded by numerous 
starch-grains^. In some sp. the point of div. of the cell is variable 

^ Not so far recorded in the British Isles. 

* Liitkemuller, Verb. Zool.-Bot. Ges. Wien, lv, 1905, p. 332. 

* cf. Carter, loc. cit. 1919, p. 228. 
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and girdle-bands (see p. 270) may be formed as in Closterium 
(e.g. in P, spirostriolatum (fig. 105, C)). Zygosp. globose and 
smooth, more rarely subquadrate. 



Fig. 105. A and B, Penium Cylindrus (Ehrenb.) Breb.; A, from Loch 
Minnoch, Kirkcudbright; B, zygospore from Thursley Common, Surrey 
(x474). C, P. spirostriolatum Barker, from Kerry, Ireland (x474). D, 
Closterium Libellula Focke, from Bowness, Westmorland (x200). E, 
Penium suboctangulare West, with zygospore, from Killariiey, Kerry, 
Ireland (x365). F, Cosmarium curtum (Br6b.) Ralfs, from Grimspound, 
Devonshire (x474). G and H, Roya obtusa (Br^b.) W. & G. S. West var. 
montana W. & G. S. West, from Baildon Moor, W. Yorks ( x 570). I, P. Cam- 
brica W. & G. S. West, from Llyn Ogwen, N. Wales (x474). J and K, 
R. Pseudoclosterium (Roy) W. & G. S. West, from Pilmoor, N. Yorks 
( X 474). z, zygospore. 

Many sp. formerly included in this genus are now referred to 
Netrium^ Closteriunit or Cosmarium. There remain 16 Brit. sp. P. war- 
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garitaceum (Ehrenb.) Breb. and P. Cylindrus (Ehrenb.) Breb. (fig. 105, 
A and B) are examples of granulated forms with reddish-brown walls, 
the former having a distinct median constriction. P. sjnrostrwlatum 
Barker (23-26 br.; 123 -274 1.) (fig. 105, C) is a sp. with girdle-bands 
and spiral striations, which often anastom >sc or become broken up 
into dot-like thickenings. P. polymorphum Forty (25-27 br. ; 55-58 1.) 
is one of the most general of the upland, moor! o. i p. One of the 
smallest forms is P. suboctangulare West (6*8-7 .; 10-7 11-5 1.) (fig. 

105, E). P. didymocarpum Lund, develops double zygospores (fig. 104, 
D~E, and p. 261). 

Sub-family 2. Closterieae 

Closteriurn Nitzsch, 1817^. Cells solitary " without 

median constriction, generally distinc^-^" and often 

markedly lunate or arcuate, usually sc ia ) -ds 

the poles which are obtuse, truncate, ros 'rawn out iii ..* 

long needle-like points; cross-section circular ^^2, B). Cell- 
wall usually with pores, in many cases with delicate ridges 
running from pole to pole at regular intervals and appearing as 
striations whose number and strength vary much in different 
sp, Chloropl. axile, one in each semicell, composed of a central 
axis bearing a number of longit. ridges (fig. 102, A, B) which 
may be undulate or anastomosing; relative size of axis and ridges 
varies with the sp.; each chloropl. has one or several pyrens., 
usually arranged in a linear series in the axis. Extremities of 
chloropl. concave and not reaching the poles, where prominent 
apical vacs, containing one or many moving granules are 
located; in sp. in which the apices are greatly produced (e.g. 
C. Kiitzingii) the chloropl. do not extend into the prolongations 
and the apical vacs, are often correspondingly lengthened out. 

The cell-division is peculiar and unlike that of other Desmids ; 
it has been especially investigated by van Wisselingh^ and 
Lutkemuller*^ whose conclusions are however at variance. A 
first peculiarity lies in the fact that the dividing wall is not 
formed at the boundary between the two semicells, but a little 
way beyond in the younger semicell; at this spot there arises 
a slight internal thickening of the wall and a slight external 
constriction (“ Ringfurche”) appearing superficially as a trans- 

^ De Bary, 1858, pp. 48, 54; Millardet, M6m. Soc. sci. nat. Strasbourg, 
VI, 1870, p. 38; Fischer, Bot. Zeit. XLi, 1883, p, 225; Klebahn, .Jahrb. Wiss. 
Bot. XXII, 1891, p. 420; Lutman, Bot. Gaz. xlix, 1910, p. 241, and li, 1911, 
p. 401; Carter, loc. cit. 1919, p. 228. 

* Zeitschr. f. Bot. iv, 1912, p. 337 and x, 1918, p. 629. 

* Cohn’s Beitr. z. Biol. d. Pfl. viii, 1902, p. 372; and Ber. Deutsch. Bot. 
Ges. XXXV, 1917, p. 311, where a good summary of van Wisselingh's inter- 
pretation will be found. 
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verse line. When div. is about to take place, this local thickening 
becoriies drawn out into a cylindrical strip owing to a slight 
elongation of the cell and from the strip a septum grows in as 
described on p. 258 for Hyalotheca^. It is at this point that the 
interpretations of the two above-mentioned investigators 
diverge. According to Liitkemuller the septum later splits and 
the two halves become bulged out to form the new semicells of 
the respective daughter-individuals. The one individual will 
thus possess a narrow connecting-band extending between the 
suture marking the connection between the two halves of the 
parent-cell and that marking the connection between the old and 
new semicells (cf. fig. 106, A). Each division will add a further 
connecting-band to the daughter-individual that acquires the 
older semicell. In this way the series of fine transverse lines to 
be seen in the equatorial region of many Closteria originate. 

According to van Wisselingh, after formation of the septum, 
a complete layer of cellulose is deposited over the whole inner 
surface of the wall in each daughter-individual and, as the septum 
splits, this layer bulges out to form the new semicell. On his 
interpretation the wall of a Closterium-ce\l consists of one piece 
as far as the inner strata are concerned, but the older semicell 
will have several external strata overlapping one another and 
stopping short at various points, their limits marking the limits 
of the connecting-bands. 

Girdle-hands are only developed in about a dozen of the 
Brit, sp, of Closterium (e.g. C. intermedium Ralfs, C. striolatum 
Ehrenb. (fig. 106, B-D), etc.) and there are never more than two 
of them. They arise by the development of an internal thickening 
of the wall in the younger semicell a little way from its point of 
junction with the older one; at this point the cell-membrane 
ruptures and the girdle is formed by stretching of the thickening 
ring between the ruptured portions (Lutkemuller) or by the 
stretching of a complete cellulose-layer apposed to the whole 
inner surface of the wall (van Wisselingh). The formation of a 
girdle is of course also accompanied by the production of an 
additional connecting-band. 

Zygosp^ commonly formed, generally globose and smooth 
(with conical papillae in C. calosporum Wittr.), but flattened 
and quadrate with truncate angles in certain sp. (e.g. C. rostra- 
turn Ehrenb. (fig. 106, G); C. Kutzingii Breb.). 

There are 62 Brit. sp. which are distinguished by the size and shape 
of the cell, the structure of the wall, and the number of pyrens. in the 
chloropl. The curvature is often very constant, and in stating the 

^ It is not certain that these facts apply to all species of Closterium ^ only 
a small number having so far been investigated. 
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dimensions of a sp. it is usual to give, apart from the diam. across the 
middle, the distance between the apices and the curvature of the 
outer margin expressed in degrees of arc. The largest Brit. sp. is 
C. turgidum Ehrenb. (43-80 br.; 476-940 1.), whilst the smallest is 



Fig. 106. A, Closterium acerosum (Schrank) Ehrenb., from Glen Shee, 
Perthshire (x200). B-D, C. striolcUum Ehrenb., from Frensham, Surrey; 
B and C, outlines, xl25; D, x260. E, C. acutum Br^b., from Sligachan, 
Skye (x474). F, C. parvulum Naeg., zygospore, from Esher \^^st-end 
Common, Surrey ( x 474). G, C. rostraium Ehrenb. var. brevirostrcUum West, 
zygospore, from Wimbledon Common, Surrey ( x 200). 

C. pusiUum Hantzsch var. monolithum Wittr. (7'5-S*6 br.; 29-8- 
40*4 1.). C. eciciUare Tuffen West and C. pronum Br^b. have very 
elongate cells, whilst certain forms of C. acutum Br^b. (fig. 106, E) 
are among the narrowest. In C. Libellula Focke (88-51 br. ; 250-854 1.) 
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(fig. 105, D) the cells are not curved and both margins are convex. The 
commonest and most widely distributed sp. are C. parvulum Naeg. 
(fig. 106, F), C. Venus Kiitz. with an angular and sometimes twisted 
zygosp., C. Leibleinii Kiitz. (fig. 103, B), C. moniliferum (Bory) 
Ehrenb., C. Ehrenbergii Menegh. (fig. 103, A), and C. acerosum 
(Schrank) Ehrenb. (fig. 106, A). C. gracile Br6b. is often abundant in 
Sphagnum-hogs, The commonest striated sp. are C. striolatum 
Ehrenb. (fig. 106, B-D) and C. rostratum Ehrenb. Double zygosp. are 
found in C. lineatum Ehrenb. (fig. 104, F). 


Sub'family 3. Cosmarieae 


w 

r? 


Docidium Brebisson, 1844; emend. Lundell, 1871. Cells com- 
paratively small, slightly constricted, 
elongate, straight, subcylindrical, with an 
inflation on each side of the constriction 
or nodulose from pole to pole, apices 
always truncate and smooth; end-view 
circular. Chiefly distinguished from 
Pleurotaenium by the base of each semi- 
cell being plicated with a small granule 
at the base of each plication. Chloropl. 
axile, one in each semicell, with several 
irregular ridges and a median row of 
pyrens. Zygosp. unknown. 

Of the three Brit. sp. D, Baculum Breb. is 
alone widely distributed and even it is dis- 
tinctly rare (12-13 br.; 167-262 1.) (fig. 107, 

A-C). D, undulatum Bail., which is restricted 
to the western districts of Ireland and 
Scotland, has semicells which appear nodu- 
lose owing to repeated shallow constrictions 
(13-16 br.; 187-262 1.) (fig. 107, D and E). 

Pleurotaenium Naegeli, 1849^. Cells Fig. 107. A-C, Docirfw/w 
slightly constricted, elongate, straight, BaxMlum from 

cylindrical, slightly attenuated towards iand*^^A**x 3 i 5 ; B,^^ase 
each pole, with or without inflations on of semicell, xeso; C, 
either side of the constriction, sometimes basal view of semicell, 
nodulose along their whole length, with- dXum B^l!, from new 
out basal plication of semicells; apices Oughterard, Galway, 
usually truncate, often furnished with a Ireland; D, x8i5; E, 
ring of conical granules or teeth; end- ^ semice , x680. 
view circular. Chloropl. several in each semicell, disposed as 
longit. parietal bands furnished with a number of pyrens., 

1 Naegeli, 1849, p. 104. 
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sometimes broken up into numerous parietal pieces each with 
one pyren. According to Carter^ in P. Trabecula var. rectum there 
are two axile chloropl., each with a single row of pyrens. Central 
portion of cell often with large vacs, which sometimes contain 



Fig. 108. A, Pleurotaenium cow- 
natum (Br6b.) Rabenh., from Hel- 
vellyn, Cumberland ( x 236). B, 
zygospore of P. Ehrenhergii ( Br^b.) De 
Bary , from Thursley Common , Surrey 
(x315). 



Fig. 109. Tetmemoms granulaius 
(Br^b.) Ralfs, from Lough Anna, 
Donegal, Ireland. A, front view of 
cell ; B, zygospore ( x 815). 


numerous moving granules (cf. p. 258). Zygosp. only known in 
a few sp., globose, smooth. 

Sp. of this genus are much more abundant in the Tropics than in 
Temperate regions. Of the nine Brit, sp., P. maximum (Reinsch) 
Lund, is the largest, reaching a length of 852 fjL and a breadth of 54 fi. 
The most abundant sp. is P. Ehrenhergii (Br^b.) De Bary (18-24 br.; 

» loo. cit. 1919, p. 286, 


F 


i8 
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240-400 1.) (fig. 108, B). P. Trabecula (Ehrenb.) Naeg. a.nd P.truncaiUm 
(Br6b,) Naeg. are each widely distributed. P. nodosum (Bail.) Lund., 
a striking sp. in which the cells are provided with rings of nodules, is 
confined to the western districts of Wales, Ireland, and Scotland. 

There is very little difference between this genus and Doddium^ and 
Dr Carter’s record of an axile chloropl. in a sp. of Pleurotaenium seems 
further to emphasise the close affinity between the two. 

Tetmemorus Ralfs, 1844^. Cells slightly constricted, with deep 
apical clefts which are tightly closed, of moderate length, 
straight, usually attenuated towards each pole. Chloropl. one 
in each semicell, consisting of a central axis containing pyrens. 
and a number of longit. ridges, which in T. Brebissonii broaden 
out at the periphery into parietal bands. Zygosp. globose and 
smooth or subquadrate with rounded angles. 

The four common sp. are well represented in the Brit. Isles. The 
most widely distributed are T. granulatus (Breb.) Ralfs (30-45 br.; 
138-238 1.) (fig. 109) and T. laevis (Kiitz.) Ralfs (19-25 br.; 57-76 1.). 
The former is one of the most ubiquitous of Desmids, whilst the latter, 
which lacks the sparse scrobiculations on the wall, has a distinct 
preference for mountainous districts. T, Brebissonii (Menegh.) Ralfs, 
with subcylindrical cells, is frequent in bogs and pools containing 
submerged Sphagnum, 

Euastrum Ehrenberg, 1882 2 . Cells relatively short, always 
distinctly flattened (end-view elliptical); in front- view general 
outline elliptical or narrowly elliptical, with a deep median con- 
striction (sinus), entire or lobed lateral margins, and usually 
deeply notched apices. In the lobed sp. the number of lobes to 
each semicell is always uneven, the apical one which bears the 
notch being termed the polar lobe. There is generally a well- 
marked protuberance in the middle of each semicell just above 
the isthmus, most easily seen in the end- and side-views (fig. 
110, A);^ in the more elaborate sp. there may be further sym- 
metrically arranged protuberances. Chloropl. axile, one (two 
in E. verrucosum) in each semicell; in the smaller sp. consisting 
of a large central mass with a pyren. bearing four lobes which 
project outwards ; in the larger of a thin axile portion and massive 
peripheral lobes spreading out as parietal plates beneath the 
wall and containing several scattered pyrens. Zygosp. globose 
or ellipsoid bearing numerous simple spines or conical papillae. 

There are 44 Brit, sp., about half of which are widely distributed. 
The smallest and perhaps most abundant sp. is E, hinale (Turp.) Ralfs 
(9-16 br.; 10-20 1.; 5*5-7 thick) (fig. 110). E. elegana Br6b. (fig. 110, 

1 Carter, loc. cit. 1919, p. 286. 

* G. S. West, Joum. of Bot., 1912, p. 80; Carter, loc. cit. p. 287. 
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Fig. 110. A, Euaatrum elegans (Br6b.) Kiitz. (a form), from Capel Curig, 
N. Wales (x474). B, zygospore of E. elegans^ from New Forest, Hants 
(x474). C, E. binale (Turp.) Ehrenb., from Thursley Common, Surrey 
( X 474). D, zygospore of E. oblongum (Grev.) Halfs, from Pilmoor, N. Yorks 
(x200). /, front- view; s, side-view; u, end-view. 



Fig. 111. A, Micrasterias Crux-Melitensis (Ehrenb.) Hass., from Bowness, 
Westmorland (x865). B, M. truncata (Corda) Br^b., from Thursley 
Common, Surrey (x 200). C, zygospore of M. derUicuiata Br6b., from 
Halgavor Moor, Cornwall (x 110). 


i8-2 
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A and B), E. ansatum Ralfs, E, Didelta (Turp.) Ralfs, and E. oblongum 
(Grev.) Ralfs (fig. 110, D) are widely distributed all over the country, 
but in some districts they are by no means common. E, insigne Hass. 
(46-60 br. ; 98-110 1.) is an upland form found plentifully amongst 
Sphagnum, E, verrucosum Ehrenb. and E, gemmatum Ehrenb. are 
two of the most elaborately ornamented sp., whilst E, crassum (Br^b.) 
Kiitz. (87-97 br.; 167-185 1.) and E, oblongum (80-83 br. ; 144-167 1.) 
are the largest Brit. sp. E, pectinatum Breb. is more frequently found 
with zygospores than any other sp. of the genus. 

Micrasterias Agardh, 1827^ (Holocystis Hassall, 1845; 
Tetrachastrum Dixon, 1859). Cells often large, flattened, in many 
cases almost disc-shaped, circular or broadly elliptical in outline, 
deeply constricted. Semicells divided by deep incisions into 
three or five lobes, the polar lobe being entire (fig. Ill, B) or 
widely excavated (fig. Ill, A); lateral lobes sometimes narrow 
and attenuated, but more frequently widening from the base 
outwards and divided by incisions of variable depth into 
lobules; flat surfaces sometimes furnished with spines or wart- 
like projections. Side- and end-views generally narrowly fusi- 
form.. Chloropl. one in each semicell, composed of a more or less 
distinct axile plate bearing a number of ridges which are de- 
veloped to a varying extent according to the thickness of the 
cell; pyrens. many, scattered. Zygosp. globose, with strong 
spines, simple or furcate at the apex. 

None of the 16 Brit. sp. is really abundant, although M, denti- 
culata Breb. (185-276 br.; 205-350 1.) (fig. Ill, C) and M. truncata 
(Corda) Br^b. (90-129 br.; 100-138 1.) (fig. Ill, B) are widely dis- 
tributed.’ M. rotata (Grev.) Ralfs (195-220 br. ; 220-240 1.) and M. 
papillijera Breb. (115-145 br.; 135-145 1.) are not uncommon in 
permanent boggy pools and lakes, whilst M. osdtans Ralfs var. 
mucronata (Dixon) Wille (fig. 103, C, p. 256) and M. Jenneri Ralfs are 
frequently found in the Sphagnum-hogs of mountainous areas. 
M,furcata Ag., M, Crux-Melitensis (Ehrenb.) Hass. (fig. Ill, A), and 
M, pinnatifida (Kiitz.) Ralfs are amongst the rarest and most elegant 
sp. 

Cosmarium Corda, 1834^ {Dysphinctium Naegeli, 1849; 
Calocylindrus (Naegeli) Kirchner, 1878; Cosmaridium Gay, 1884; 
Pleurotaeniopsis (Lund.) Lagerheim, 1887). Cells relatively 
short (length rarely more than one and a half times the breadth), 
with a median constriction of varying depth ; semicells circular, 
elliptical, semicircular, ovate, pyramidate, or cuneiform in front- 

1 Carter, loc. cit. 1919, p. 295. 

Klebahn, Jahrb. Wiss. Bot. xxii, 1891, p. 424; Comfere, Bull. Soc. Bot. 
France, mV, 1907, p. xlii; Nieuwland, Amer. Midland Naturalist, i, 1909, 
p. 4; Carter, loc. cit. 1920, p. 265. 
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view, apex rounded or broadly truncate without a notch. Cell- 
wall smooth, scrobiculate, granulate, verrucose, or clothed with 
minute spines, ornamentation often showing a definite arrange- 
ment. End-view circular or elliptical, but in many sp. there is 
a prominent protuberance in the middle of each semicell and 
in these the elliptical end-view is furnished on each side with a 



D, C. granatum var. suhgranatum Nordst., from Hornsey Mere, E. Yorks. 
E-G, C. Meneghinii Br6b.; E and F, from Hornsey Mere, E. Yorks; G, 
zygospore of a form, from Bowness, Westmorli^nd. H, C. praernorsum 
Br6b., from Carrantuohill, Kerry, Ireland. I and J, C. Moculatum Br^b.; 
I, from Roswell Pits, Cambs; J, zygospore from Puttenham Common, 
Surrey. K and L, forms of C. Regnesii Reinsch; L shows one stage of cell- 
division. M, C. isthmium West, from Harris, Outer Hebrides. N, C. pseudo- 
connatum Nordst., from Capel Curig, N. Wales. (L x 1170, all other figs. 
X 473.) /, front- view; s, side-view; r, end-view. 

distinct swelling (fig. 112, G). Chloropl. (fig. 102, F-I) usually 
axile, either one or two per semicell, each composed of a central 
axis giving rise to variously shaped radiating processes (ridges, 
plates, or string-like outgrowths) which sometimes enlarge into 
parietal masses at the periphery; usually with a single pyren. 
(sometimes divided) in the axis of each chloropl. In a few sp. 
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chloropl. entirely parietal (4r-8 per semicell), each with one or 
more pyrens. Zygosp. globose, angular-globose, cubical, etc.; 
membrane smooth, scrobiculate, furnished with simple or 
furcate spines of variable length, or adorned with conical 
papillae; black in a few sp. (e.g. C. melanosporum Arch.). 

This is the largest genus of Desmids, embracing at least seven or 
eight hundred well founded sp., and attempts to split it up into a 
number of smaller genera have frequently been made. Naegeli’s 
Dysphinctium ( — Calocylindnis Kirchn.), established for the sp. with 
rounded poles and but a slight constriction in front- view and an oval 
or circular end-view, is still maintained by some algologists, although 
it is practically impossible to delimit it from the main mass of sp. of 
Cosmarium, It is even less feasible to maintain the genus Pleuro- 
taeniopsiSy founded for the sp. with parietal chloropl., since Dr Carter’s 
investigations altogether support the view of G. S. West that “the 
parietal condition has been independently acquired in Cosmarium 
by a few scattered members of the genus” (1904, p. 168). In view of 
the difficulty already existing of delimiting Cosmarium from Euastrum 
and Xanthidium on the one hand and Staurastrum on the other, it is 
inadvisable in the present state of our knowledge to attempt the 
establishment of further genera. 

There are some 250 Brit. sp. of Cosmarium, and it is consequently 
scarcely possible to point out even the commoner characteristics in 
the smaU space available. The largest Brit, sp., and also one of the 
rarest, is C. ovale Ralfs (100-107 br.; 182-188 1.); the smallest is 
C. subretusijorme W. & G. S. West (6-2-6-5 br. ; 7*8-8 1.). The number 
of sp. having a circular end-view is not very considerable ; examples 
are C. pseudoconnatum Nordst. (fig. 112, N), C. cucurbitinum (Biss.) 
Liitkem. (Penium cucurbitinum Biss.) (fig. 103, D), and C. curium 
(Br6b.) Ralfs (Penium curium Breb.) (fig. 105, F). C. docidioides 
Liitkem. (Penium minuium W. & G. S. West) is more elongate than 
any other Brit. sp. and also has a circular end-view. C. Cucumis 
Corda and C, ovale Ralfs are sp. with parietal chloropl; Fig. 112 gives 
a slight idea of the range of form and the diverse ornamentation of 
the wall, which is however not as complex in Brit. sp. as in many 
known from other parts of the world. 

The commonest sp. found in the ponds and ditches of lowland 
districts are C. Botrytis (Bory) Menegh., C. praemorsum Br^b. (fig. 
112, H), C. subcostatum Nordst., C. humile Gay, C. granatum Breb. 
var. subgranatum Nordst. (fig. 112, C and D), C. abbreviatum Racib., 
and several forms of C. Meneghinii Breb. (fig. 112, E-G). In the bogs 
of moorland districts C. Cucurbita Br^b. is usually abundant, and in 
upland Sphagnum-Aveas C. Ralfsii Br^b., C. pyramidatum Br^b., 
C. subturhidum Nordst., etc. are fairly general. Some sp., such as 
C. Holmiense Lund., C* anceps Lund., C. subspeciosum Nordst., and 
C. Pokomyanum (Grun.) W. & G. S. West are usually found on drip- 
ping rocks, whilst C. Dovrense Nordst., C. microsphinctum Nordst., 
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etc. prefer wet calcareous rocks. C. pygmaeum Arch, sometimes 
occurs in myriads amongst the leaves of submerged Sphagnum, 

Xanthidium Ehrenberg, 1834^. Cells somewhat flattened, 
with a deep median constriction. Semicells elliptical, trapezi- 
form, hexagonal, or octagonal in front- view, the angles furnished 
with simple or furcate spines (chief distinction from Cosmarium) 
which are arranged in one or in two parallel planes and in a few 
sp. are of very minute dimensions; centre of each semicell with 
a thickened scrobiculate area or protuberance of variable size 
(sole distinction from Arthrodesmus), Chloropl. sometimes axile. 



Fig. 113. A, Xanlhidium armatum (Br6b.) Rabenh., from Sligachan, Skye 
(x 365). B, zygospore of X. antilopaeum (Br6b.) Kiitz., from &llynahinch, 
Galway, Ireland ( x 365). 

resembling those of Cosmarium, one or more commonly two per 
semicell (fig. 102, D), each with one pyren.; or more usually 
parietal and then generally four per semicell (fig. 102, E), again 
each with one pyren. (numerous scattered pyrens. in Jl. armatum), 
Zygosp. globose, adorned with blunt papillae or long slender 
spines which are simple or furcate at the ends. 

LundelP in 1871 divided the genus into the subgenera 
and Schizacanthum according as the spines were entire or branched 
at the apex, but the distinction is rather difficult to maintain, as in 
some of the tropical sp . there are numerous intermediate stages between 
simple and much-forked spines. 

^ Carter, loc. cit. 1919, p. 245. 

* Lundell, Nov. Act. Reg. Soc. Sci. Upsala, ser. 8, vin, 1871, p. 74. 
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There are 14 Brit, sp., of which a few are general but not abundant, 
and the rest are very scarce; they are regular constituents of the 
freshwater plankton. X. armatum (Breb.) Rabenh. (88-110 br. with 
spines; 137-200 1. with spines) (fig. 113, A) is a large and handsome 
Desmid, occurring in moderate quantity in the bogs of hilly districts. 
X, anHlopaeum (Br^b.) Kiitz. (fig. 113, B) and X. cristatum Breb. are 
not uncommon in certain areas. X. concinnum Arch., which is the 
smallest sp. (9-5-10-5 br. with apiculations ; 9-9*5 1.), sometimes occurs 
abundantly amongst Sphagnum, 

Arthrodesmus Ehrenberg, 1838. Primarily distinguished from 
Xanthidium by absence of protuberance or scrobiculated area 
in centre of semicells; spines usually fewer in number and all in 
one plane, one or two of variable strength arising from the 
lateral angles of the elliptical, trapeziform, or subhexagonal 
semicells; median constriction deep. End-view always elliptical. 



Fig. 114. A-C, Arthrodesmus Incus (Br^b.) Hass., from Harrop Tarn, 
Cumberland; C, zygospore (x3f)5). D, A. Incus var. Ralfsii W. & G. S. 
West, from Capel Curig, N. Wales (x365). E, A. Incus war, validus W. & 
G. S. West (a form), from near Glenties, Donegal, Ireland (x 474). F and G, 
A. octocornis Ehrenb.; F, from Llyn Idwal, N. Wales; G, zygospore, from 
Puttenham Common, Surrey (x474). H-,J, A. bifidus Br6b. var. truncaius 
West ; H, from Strensall Common, N. Yorks ; I and ,T, from Keston Common, 
Kent (x474). /, front- view; n, end-view. 

with spines at the poles. Chloropl. axile, one in each semicell, 
with one or two pyrens. Zygosp. globular, smooth, or clothed 
with simple, conical, or subulate spines. 

Of the 11 Brit, sp.. A, Incus (Breb.) Hass. (fig. 114, A-C) is the only 
one that is general and abundant. It is very variable, frequently 
found conjugating, and of small dimensions (13-28 br. without spines ; 
13-33 1. without spines; spines 5-32 1.). A, convergens Ehrenb. and 
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A, octocornis Ehrenb. (fig. 114, F and G) are also not uncommon, but 
the other sp. are all rare. 


StauTOStrum Mey en. 1829^. Cells usually deeply constricted, 
with semicells which are elfiptical, iemiafcular71^ or 



Fig. 115. A and B"!" Staurastrurn anaiinum Cooke and Wills, from Llyn-y- 
cwm-ffynon, N. Wales ^(x 478). C, S, punctulatum Br^b., from Esher 
Common, Surrey (x473). D, S. polytrichiim Perty, from Galway, Ireland 
(x365). E, S, elongatum Barker, from Rhiconich, Sutherland (x473). 
F, S. brachiatum Ralfs, from Down, Ireland ( x 473). G, zygospore of S.furci- 
gerum Br^b., from Pilmoor, N. Yorks (x473). /, front-view; u, end-view. 

semteeHs often 

^ernating wit h o ne anotJier, sometimes rounSi^, sometimes 

1 Millardet, M6m. Soc. sci. nat. Strasbourg, vi, 1870, p. 40; Carter, 
loc. cit. 1920, p. 303. 
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acute, in many jp, produced jT^o- 

length, generally mrnished^wit^J^ at r ong^divogging 

spines ^aT “IFeir endsV‘^C3|l-wa^ smoQth 

adorned with a l^ati ety of or \)^g.rt-like excresjggn^ces wEi^ 

nTe'nisnnhy^'Iyh^^ disposed. Chloropl. 

extension into each an^le of the semjfiell (fig. 103, E^^and ^ 
iStTigTJri^htmn'p^ peripheral pyrens. in 

?r6rne of the larger sp.); in a few sp. there are ^ 
parietal chloropl. in each semicell, but intermedi^^^ 

betweenthiscondition and th^ axik chloropL 

Zy gosp. glo bose or ^ngular, rarely winged, ny^r^-^f^jpmnnly 
cTotliecrv^^h simple or furcate spines, each often sjljyiaJ^d at the 
apex of a mammillate or obtusely conical protuberance. 

The sub-genus Pleurenterium^, established for the sp. having parietal 
chloropl., leads to the grouping together of forms which are probably 
not closely allied. Parietal chloropl. are perhaps merely an outcome 
of increase in the size of the cells. 

Staurastriim is the second largest genus of Desmids including some 
600 sp., about 160 of which are Ichdwn to occur in tK Effit. Isle^ few 
of them, however, are abundant. One of the largest sp. is S, tumidum 
Breb. (91-103 br.; 112-132 1.; parietal chloropl.) and the smallest is 
S, iotanum Wolle. The most frequent sp. in low-lying districts are 
S.pygmaeurn Breb., S,punctulatumBT€b.{hgA15y C) , and S,hexacerum 
(Ehrenb.) Wittr. In moorland areas S, margaritaceum (Ehrenb.) 
Menegh. is general. The most abundant of the spiny sp. is S, teliferum 
Ralfs. Sp. like S. capitulum Breb., S. pileolatum Breb., S, Kjellmani 
Wille (fig. 103, E), S. acarides Nordst., and S, Arnellii Boldt are 
principally confined to mountainous regions ; others, such as S, pelagi- 
cum W. & G. S. West, S, pseudopelagicum W. & G. S. West, S.jaculir 
ferum West, S, paradoxum Meyen var. longipes Nordst., S, brevi- 
spinum Breb., and forms of S. anatinum Cooke and Wills (fig. 115, 
A and B), are abundant in the plankton of lakes. A few of the most 
beautiful sp. (e.g. S. Ophiura Lund., S, Cerastes Lund., S, Arctiscon 
(Ehrenb.) Lund., S. verticillatum Arch., and S. longispinum (Bail.) 
Arch.) are confined to the Lake District and the extreme western 
districts of Scotland, Wales, and Ireland, being most abundant in the 
plankton of these areas. 

Cosmocladium de Brebisson, 1856 Colonial; cells resembling 
a smooth Cosmariuniy but united by relatively thin single cw* 
double mucilage-threads attached near the sinus to form 
branched microscopic colonies which are sometimes enveloped 
in a mass of mucilage of lesser density than the connecting 

1 Lundell, ioc. cit. p. 72. 

® Schroder, Ber. Deutsch. Bot. Ges. xviii, 1900, p. 15. 
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threads. Chloropl. axile, usually one in each semicell, with 
four projecting lobes and a single pyren., rarely only one 
chloropl. in the whole cell. Zygosp. globose and smooth, or 
irregular in shape (as in C. perissum Roy and Biss. (fig. 116, C)). 



Hebrides ( x 475). C, zygospore of C. perissum Roy and Biss., from the Clova 
Mts., Forfar (x475). D-F, Oocardium stratum Naeg., after Liitkemuller 
(x780). 

All the five Brit. sp. are very rare. C. constrictum (Arch.) Josh, 
(fig. 116, A) and C. pulchellum Br^b. (fig. 116, B) are perhaps more 
often observed than the others. All the sp. are very small, the largest 
being C. Saxonicum De Bary (18-5-14-5 br.; 15-17 1.). 

Oocardium Naegeli, 1849^. Colonial; cells small, in front- view 
slightly constricted, much broader than long, unequally de- 
pressed on the two sides, so that there are only two planes of 
symmetry; ' end-view broadly elliptical. Colonies generally 
hemispherical, 1-2 mm. in diam., composed of a number of 
dichotomously forked elongate tubes consisting of carbonate 
of lime occupied by mucilage, each widening towards the surface 
of the colony and enclosing at the free end a single cell witlj the 
longit. axis at right angles to the axis of the tube; the tubes are 

^ Naegeli, 1849, p. 74; Senn, Bot. Zeit. lyii, 1899, p. 81. 
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secreted by the cells occupying them. Chloropl, axile, one, 
situated on the broader side of each semicell, with a single pyren. 
Zygosp.^ rectangular or polyhedral, with several mammillate 
projections. 

The only known sp., Oocardium stratum Naeg. (fig. 116, D-F), is 
extremely rare and has only been recorded from the limestone 
districts of W. Yorks attached to rocks and stones in the beds of 
several mountain streams, and from Ireland (cells 18-24 br. ; 13-20 L). 

Sphaerozosma Corda, 1885. Cells small, joined at their apices 
by gelatinous cushions, traversed by minute rounded tubercles 
or short capitate processes, to form long filamentous colonies, 
often twisted and sometimes provided with a mucous invest- 
ment; median constriction deep and narrow or widely open; 
semicells in front- view elliptical, oblong, or subrectangular, with 
elliptical end-view. One axile chloropl. in each semi cell, with 
a single pyren, Zygosp. globose, rectangular, or oblong, smooth 
or furnished with subulate spines. 

None of the five Brit. sp. is abundant. 5. vertebratum Ralfs 
(21-24 br.; 19 1.) (fig. 117, C) is the largest, whilst 5. excavatum Ralfs 
(fig. 117, D-F) and S, granulatum Roy and Biss, are the most widely 
distributed. 

Onychonema Wallich, 1860^. Cells small, joined to form long 
flexible filaments by means of two capitate, asymmetrically 
disposed, processes at each apex, which overlap on to opposite 
faces of the adjacent cell (cf. fig. 117, G); median constriction 
deep and narrow; semicells in front- view elliptical or reniform, 
sometimes with strong lateral spines at each side; end-view 
elliptical. One axile chloropl. in each semicell, with a single 
pyren. Zygosp. globose, furnished with simple spines. 

The two Brit. sp. are distinctly rare, the one most generally found 
being O.flliforme (Ehrenb.) Roy and Biss. (O. Nordstedtianum Turn.; 
14*5-16 br.; 14-15 1.) (fig, 117, G--H), 

Spondylosium de Brebisson, 1844 (Leurouema Wallich, 1860). 
Cells small or of medium size, united by their flat or concave 
apices (without special processes) to form filamentous colonies, 
occasionally twisted and often enveloped in copious mucilage; 
median constriction usually deep and linear; semicells of very 
variable form in front- view; end-view elliptical, triangular or 
trilobed, Chloropl. as in Sphaerozosma. Zygosp. globose, smooth, 
or with simple spines. 

^ Carter, Monogr. Brit. Desm., Ray Society, v, 1928, p, 205. 

‘ Wallich, Ann. and Mag. Nat. Hist., ser. 8, v, 1860, p. 194. 
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The three genera Sphaerozosma, Onychonema, and Spondylosium 
are solely distinguished by the mode of junction of the cells, and their 
retention is a matter of convenience. 



Fig. 117. A, Spondylosium pulchellum Arch., from Glen Shee, Perthshire 
(x365). B, S. papillosum W. & G. S. West, from Skipwith Common, 
E. Yorks (x475). C, Sphaerozosma vertebratum Ralfs, from near Crowan, 
Cornwall (x 475). D-F, S, excavatum Ralfs; D, from Llyn Idwal, N. Wales 
(x475); E, zygospore, from Puttenham Common, Surrey (x475); F, zygo- 
spore, from New Forest, Hants ( x 475). G-H, Onychonema filiforme (Ehrenb.) 
Roy and Biss., from Strensall Common, N. Yorks (G, x475; H, x730). 


None of the eight sp. of Spondylosium known to occur in the Brit. 
Islands is abundant. S. papillosum W. & G. S. West (9-5-10-5 br.; 
8-9-5 1.) (fig. 117, B) and S, pulchellum Arch. (11-12-5 br. ; 12-5-15 1.) 
(fig. 117, A) are the most widely distributed. 

Hyalotheca Ehrenberg, 1841^. Cells more or less cylindrical, 
connected by their broadly trlincate apices into filamentous 
colonies, usually twisted and mostly with a thick mucilage- 
envelope; median constriction very slight; semicells in front- view 
trapezoid, subquadrate or oblong, with straight or convex lateral 
margins; end-view circular, often with two or three nipple-like 
projections at equal intervals round the margin due to slight 
swellings at the base of the semicell. Chloropl. one in each semi- 
cell, consisting of a central mass with one or more pyrens. and 
a number of radiating plates. Zygosp. globose, smooth ; parthe- 
nospores also known. 

1 Acton, Ann. of Bot. xxx, 1916, p. 380. 
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There are five Brit, sp., of which H, dissiliens (Sm.) Br^b. (fig. 118, 
A-D) is general and often abundant; cells 21-33 br., 15-25 1.; its 
zygosp., which are surrounded by a cruciform structure formed from 
the four empty semicells, are more frequently found than those of 
any other Desmid. H, mucosa (Mert.) Ehrenb. is much scarcer, 



Fig. 118. A-D, Hyalotheca dissiliens (Sm,) Br6b.; A and B, from Capel 
Curig, N. Wales ( x 865) ; C and D, zygospores, from Galway, Ireland ( x 865). 
E-ri, H, neglecta Racib., from the New Forest, Hants ( x 475) ; E-G, showing 
parthenospores (a); H, zygospore (z), 

although widely distributed; it is distinguished by the absence of 
constriction and the presence of a crown of minute apical granules. 
H, undulata Nordst. (7*5-9 br.; 13*5-17*5 1.) and H, neglecta Racib. 
(11*5-13 br. ; 28-34*5 1.) (fig. 118, E-H) are amongst the rarest of Brit. 
Desmids. 

Desmidium Agardh, 1824 (Didymoprium Ktitzing, 1843; 
Aptogonum Ralfs, 1848). Cells generally much broader than long, 
united by their flat apices or by corresponding truncate apical 
projections (leaving a space of variable width between the actual 
apices) to form twisted filamentous colonies, often enveloped in 
a wide mucous coat; median constriction moderately deep; semi- 
cells usually much depressed, the end-view being triangular, 
quadrangular, or elliptical with mammillate poles. The septa, soon 
after their formation, develop on either side a cylindrical ring- 
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like ingrowth similar to that found in sp. of Spirogyra with 
replicate end-walls (fig. 119, B); as the young semicells enlarge, 
these invaginations become protruded to form their contiguous 
apices^. Chloropl. axile, one in each semicell, with as many 
pyrens. as there are angles in the end-view and with two plates 
extending into each angle (cf. Staurastrum), Zygosp. rounded 



Fig. 119. A, Desmidium Swartzii Ag., from near Preston, Lancs (x865). 

B, D, quadralum Nordst., showing septum between two individuals (x 475). 

C, zygospore of D. cylindricum Grev., from Donegal, Ireland (x350). 
B, zygospores of D, Aptogonum Br^b. ( x 475). E and F, Gymnozyga monili- 
formis Ehrenb., from Rhiconich, Sutherland (x475); F, two cells with 
intervening septum. G, zygospores of G. moniliformis var. gracilescens 
Nordst. (x475). /, front-view; u, end-view. 


or ellipsoidal, smooth or furnished with somewhat flattened or 
conical papillae. 

There are eight Brit, sp., none of which is abundant. £). Swartzii 
Ag. (87-43 br. ; 14-19 1.) (fig. 119, A) and D, qjlindricum Grev. (Didymo- 
prium Greoillii Kiitz.) (fig. 119, C) are the most general, the latter being 
the only Desmid in which the zygosp. is formed in one of the conjug. 
cells. D. qiLadratum Nordst. (fig. 119, B) and D. graciliceps (Nordst.) 
Lagerh. are very rarely met with. 

Gymnozyga Ehrenberg, 1840 {Bamlmsina Kiitzing, 1845). 
Cells cylindrical or barrel-shaped, united by the flat ends into 
slightly twisted filamentous colonies ; median constriction 

1 cf. De Bary, 1858, p. 44. 
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slight; semicells provided with a basal swelling of variable size; 
end-view circular, sometimes with two opposite papillae; cellr- 
wall frequently with delicate longit. grooves ; division and septa 
(fig. 119, F) as in Desmidium^, Chloropl. axile, one in each semi- 
cell, with a single pyren. and six radiating plates, Zygosp. oval 
or subglobose, smooth. 

The only Brit. sp. is G, moniliformis Ehrenb. {Desmidium Borreri 
Ralfs; Bambusina Brebissonii Kiitz.; 17*5-22-5 br.; 25-30 1.) (fig. 
119, E) which is generally distributed in boggy districts, par- 
ticularly in elevated localities. 

GROUP 7. SIPHONALES 

The outstanding feature of the Siphonales is the rare produc- 
tion of septa, the variously brapched filaments of which the 
thallus is usually composed affording the most typical examples 
of coenocytic construction to be found among the Algae. The 
structure of these filaments is, generally speaking, of a uniform 
plan throughout the group. The cytoplasm forms a moderately 
thick lining layer beneath the wall and bounds a continuous 
central cavity occupied by sap; where special mechanical 
devices are absent, as for instance in the common Vaitcheria, the 
filaments consequently collapse as soon as the protoplasm is 
killed and turgor no longer comes into play. Within the lining 
cytoplasm are situated many discoid chloroplasts, commonly 
possessing pyrenoids (but not in Vaucheriaceae), whilst internal 
to them are found numerous small nuclei. 

The vast majority of the Siphonales inhabit the sea, more 
especially in the warmer regions of the earth, and the only 
freshwater representatives are the Vaucheriaceae 2 , which possess 
at the same time the simplest vegetative construction and the 
most advanced reproductive mechanisms. The vigorous develop- 
ment of the group in a marine environment is exemplified by 
Bryopsis and Caulerpa with their high morphological differentia- 
tion, the Codiaceae with a compact thallus composed of closely 
apposed and intertwined coenocytic threads, and the elaborately 
organised Dasycladaceae with a plant-body built up by dense 
aggregation of whorled branches. Many members of the last 
two families are abundantly encrusted with carbonate of lime^ 
and play a part in the formation of marine calcareous deposits, 
a role which they have evidently fulfilled since remote ages, as 

^ cf. De Bary, 1858, p. 44. 

* There are also the Phyllosiphonaceae, parasitic on the leaves of tropical 
Phanerogams (cf. p. 58). 

* cf. also Kolkwitz and Kolbe, Ber. Deutsch. Bot. Ges. xu, 1923, p. 312. 
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a considerable number of fossil forms are known from the 
Carboniferous period. 

A coenocytic tendency is well-marked among some zoosporic 
Chlorococcales (cf. p. 98)^ and this probably led to the evolu- 
tion of types like Protosiphon (p. 111). It is quite plausible 
to regard such a form as illustrative of the starting-point of the 
Siphonales^. An origin other than that from Chlorococcales 
would seem improbable, although Oltmanns (1922, p. 429) 
believes in a reduction from forms like Cladophorales. 

It is plain that a long history must intervene between the 
primitive members of Siphonales and the Vaucheriaceae with 
their oogamous reproduction. There is nothing equivalent among 
other Siphonales (although more or less marked anisogamy is 
not infrequent, Bryopsis, C odium) ^ and the nearest parallel is 
in the writer’s op^ruoiv* to be found among the oogamous 
Phycomycetes. The Vaucheriaceae are possibly an offshoot from 
the line of evolution of the latter. The reference of Vaucheriaceae 
to the Heterokontae, which was at one time advocated*, can 
scarcely be supported, alone because of the obvious Isokontan 
characters of the genus Dichotomosiphon. 

The only freshwater forms are included in the 

Family VAUCHERIACEAE 

This comprises the long familiar Vaiccheria to which in 1902 
Ernst’s Dichotomosiphon^, not yet recorded in the British Isles, 
was added. There is a single freshwater species of the latter, 
whilst the numerous species of Vaucheria are found, more parti- 
cularly in temperate regions, on damp earth, in fresh and brackish 
water, and a few in the sea. The plants invariably appear as 
a felt of simple branching filaments with apical growth; in 
Dichotomosiphon they show dichotomy, as well as frequent local 
thickenings of the membrane at points where the filaments are 
slightly constricted, so that they closely resemble the threads 
composing the thallus of an Udotsa (Codiaceae). The chloroplasts 
are invariably without pyrenoids and starch has only been 
encountered in Dichotomosiphon, the species of Vaucheria 

^ In Phyllobium, in which however evolution has taken place in the 
direction of space-parasitism ^he plant-body in certain stages even adopts 
the habit of a branched coenocytic thread. 

^ Blackman and Tansley, 1908, p. 21. 

* Fritsch, Science Progress, v, 1910, p. 94. 

* Bohlin, Utkast grOna Alg. och Arkeg. Fylogeni, Upsala, 1901, p. 25; 
Blackman and Tansley, 1908, p. 58. 

‘ Ernst, Beih. Bot. Centralbl. xiii, 1902, p. 115. 
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forming a kind of oil as a food-reserve^. Upon injury to the thallus 
septa usually arise cutting off the injured parts (fig. 120, A 
and B); otherwise septa are rarely formed except in connec- 
tion with reproduction. 

Prolific asexual reproduction of Vaticheria takes place by 
means of large multiciliate zoospores^. These are produced singly 
in club-shaped sporangia, cut off from the somewhat swollen 
ends of branches into which have passed numerous chloroplasts 
and nuclei (fig. 120, C). The septum arises in a transverse bridge 
of colourless cytoplasm which appears at the base of the young 
sporangium. Within the latter an inversion of the relative 
positions of chloroplasts and nuclei ensues, so that the latter 
take up a peripheral position, and this is followed by contraction 
of the contents and the protrusion of a pair of short equal cilia 
opposite each nucleus (fig. 8, A). By gelatinisation of the wall 
at the apex a narrow aperture is formed through which the 
large oval or pear-shaped zoospore pushes its way. Sometimes 
the part first protruded becomes separated fi:om that still left 
in the sporangium and two zoospores are formed instead of one. 

Each zoospore includes a central vacuole which is filled with 
sap and may be traversed by strands of cytoplasm, although 
the sporangia of other Siphonales produce numerous separate 
biciliate zoospores in the formation of which the central vacuole 
and its bounding membrane as usual play no part. There can be 
no doubt that the peculiar zoospore of Vaucheria is a compound 
structure representing a number of biciliate zoospores which have 
failed to separate. In F. ornithocephala Ag. cilia are stated to 
be fully developed only on that half of the synzoospore which is 
directed forwards^. Aplanospores, produced when the plants 
are exposed to drought, have been recorded in a number of 
species (e.g. F. geminata DC., F. uncinata KUtz.); in the marine 
F. piloboloides Thur. they may germinate within the sporangia, 
or the whole sporangium without contraction of Contents may 
grow out into a new plant*. It is plain that all stages in the 
gradual elimination of the zoospore and its replacement by a 
motionless reproductive element are realised. In Dichotomo- 
siphon no zoospores are formed, their place being taken by some- 
what irregular club-shaped akinetes (gemmae) formed at the 
ends of special rhizoid-like branches, from which they become 
detached after the formation of a septum. 

^ According to Meyer (Ber. Deutsch. Bot. Ges. xxxvi, 1918, p. 289) this 
is not a true fat. 

* cf. Strasburger, Zellbildung u. Zellteilung, 8 Aufl., 1880, p. 84; Berthold, 
Stud. Ob. Protoplasmamechanik, 1886, p. 291 ; Klebs, 1896, p. 4. 

* Goetz, Flora, lxxxiii, 1897, p. 94. 

* Ernst, Beihefte Bot. (>ntralbl. xvi, 1904, p. 870. 
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The zoospores of Vaucheria generally escape in the morning 
or after the plants have been in darkness. According to Klebs 
(loc. cit.) they can always be obtained, if filaments kept moist 
for some days are soaked in water or removed from a dilute 
nutritive solution into pure water or transferred from running 
to still water. The zoospores are sluggish in their movements 
which continue only for about 15 minutes. On coming to rest the 
cilia are withdrawn and a thin cell- wall is developed; germina- 
tion follows almost immediately by the protrusion of one or 
more tubular outgrowths (fig. 120, D), one of which often 
attaches itself to a substratum by a colourless branched rhizoid. 



Fig. 120. A and B, portions of threads of Vaucheria showing formation 
of septa on injury. C, apex of filament of V . sessilis (Vauch.) DC. showing 
a sporangium (zg). D, germination of zoospore of V. ornithocephalay from 
E. Yorks. E, V . sessilisy from W. Yorks, showing developing oogonium (on 
right) and antheridium (on left). F-H, V. geminata (Vauch.) DC., from 
Barnes Common, Surrey, showing development of sexual organs. (All 
x75.) a, antheridium; 00 , oogonium. 

Sometimes, owing to drought, the contents of the filaments 
break up into a number of pieces, each of which develops a thick 
stratified membrane and becomes replete with oil. The cysts 
thus formed may remain connected for a time by the membrane 
of the parent-filament, constituting the so-called Gongrosira- 
stages, which, however, have nothing to do with the genus 
Gongrosira described on p. 197, 

The ordinary method of preparation for a resting period is by 
the production of oospores as a result of a sexual process which 
is of frequent occurrence in nature. The majority of the species 
are monoecious, antheridia and oogonia usually arising close 
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together at intervals along the threads; there is however eon- 
siderable diversity of arrangement, even in different individuals 
of the same species. The development of the sexual Organs has 
only been studied in a few forms 

The oogonia usually appear as sessile (fig. 121, A, B) or very 
shortly stalked lateral outgrowths of the main threads or, 
together with the antheridia, occur on special short branches 
(fig. 120, H). They soon assume a more or less rounded or ovate 
form and ultimately become cut off by a septum near the base. 
At this stage the oogonium is densely filled with oil and chloro- 
plasts, but contains only a single central nucleus which gradually 
acquires quite considerable dimensions. The uninucleate con- 
dition is attained either by all but one of the nuclei returning 
to the main filament (Oltmanns, Heidinger) or by degeneration 
of all but one (Davis); possibly both methods obtain in different 
species. The maturation of the oogonium is usually marked by 
the development of a one-sided beak, the tip of which gelatinises 
and forms an aperture through which a small quantity of colour- 
less cytoplasm is extruded (fig. 121, A); the single ovum possesses 
a colourless receptive spot opposite the opening. 

The antheridia, which mostly develop simultaneously with 
the adjacent oogonia (fig. 120, E), are in general strongly 
curved cylindrical tubes which become cut off from the thread 
from which they arise by one or two septa (fig. 121, A, B), The 
nuclei of the antheridium undergo further subdivision and 
ultimately a small mass of cytoplasm becomes appropriated to 
each to constitute a spermatozoid ; in the mature antheridium 
of V, sessilis the spindle-shaped spermatozoids form a radially 
arranged group between the central vacuole and unused peri- 
pheral cytoplasm containing the chloroplasts. Opening of the 
antheridia usually takes place apically (by several apertures in 
V, Debaryana) and with the sperms is expelled some of the waste 
cytoplasm. The male cells are exceedingly minute, quite colour- 
less, and provided with two cilia, one pointing forwards and the 
other backwards (fig. 121, A). In many cases probably the 
adjacent oogonium is fertilised. After penetration of the sper- 
matozoid a membrane first forms across the oogonial aperture; 
subsequent thickening-layers invest the whole oospore, within 
which further accumulation of oil takes place. Germination is 
direct, the contents giving rise to a new thread. 

Wettstein^ caused artificial parthenogenesis in F. hamaia by 
pricking the mature oogonia. 

^ Oltmanns, Flora, lxxx, 1895, p. 388; Davis, Bot. Gaz. xxxviii, 1904, 
p.*81; Heidinger, Ber. Deutsch. Bot. Ges. xxvi, 1908, p. 818. 

* Wettstein, Ber. Deutsch. Bot. Ges. xxxviii, 1920, p. 260. 
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In Dichotomosiphon the sexual organs occupy the ends of the 
final forking branchlets, each oogonium or antheridium being 
situated on a separate branch. 

The compound zoospore of Vaucheria recalls the multinucleate 
gonidium of various Peronosporaceae, whilst the motionless 
aplanospores of the former and the gemmae of Dichotomosiphon 
constitute an even closer parallel. There are also many resem- 
blances in the detailed structure of the sexual organs. These 
analogies lend support to the view, already mentioned above and 
first propounded by Lotsy, that the Vaucheriaceae represent an 
algal group parallel with the Phy corny cetes and possibly having 
a common ancestry with them. 

Vaucheria De Candolle, 1803^. Filaments interwoven to form 
compact mat-likc masses on damp earth or in fresh or salt water, 
often very sparsely branched, some sp. rarely exhibiting any 



Fig. 121. A and B, Vaucheria sessilis (Vauch.) DC.; A, from Esher West- 
end Common, Surrey; B, from Mitcham Common, Surrey. C and D, 
V. hamaia (Vauch.) Lyngb., from Calverley, W. Yorks. E, oogonium and 
oospore of V. ornithocephala Ag., from Beverley, E. Yorks. (A-D, x200; 
E, x320.) a, antheridium; an, spermatozoid ; oo, oogonium. 

branching except in connection with the formation of sexual 
organs. Filaments unseptate, coarse and thick, sometimes 
reaching 80 cm. in length, with a thin relatively weak membrane, 

1 Walz, Jahrb. Wiss. Bot. v, 1867, p. 127; Goetz, loc. cit. p. 88; Heering, 
Jahrb. Hamburg. Wiss. Anstalt. xxiv, 1906, p. Ill; Heering, 1921, p. 76. 
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and dark green in colour owing to the numerous very small, oval, 
elliptical or subcircular chloropl. without pyrens. ; small oil-drops 
abundant in the cytoplasm. Oogonia and antheridia usually 
adjoining, either sessile or on very short stalks on the main 
filaments, or several together on special short branches. 

It is no easy matter to distinguish the sp. The main subdivisions 
are based largely on the characters of the antheridia, viz. (after 
Heering, 1921, p. 78): 

I. Woroninia, Antherid. sessile, ovoid or club-shaped, dehiscing 
by a definite apical aperture (F. dichotoma). 

II. Tvhuligerae, Antherid. sessile, cylindrical, not curved, de- 
hiscing by a slit (F. aversa), 

III. Glohiferae. Antherid. stalked, subspherical, stalk and antherid. 

forming a curved structure (F. pachy derma). 

IV. Comiculatae. Antherid. stalked, shaped like a horn. 

(a) Sessiles. Oogon. sessile on the thallus (F. sessilis (fig. 
121, A, B)). 

(b) Racemosae. Oogon. on special side branches terminated 
by an antherid. (F. terrestris, V. geminata (fig. 120, H), 
F. hamata (fig. 121, C, D)). 

V. Anomalae. Antherid. with several apertures (F. Deharyana). 

The majority of the common sp. belong to the Comiculatae. The 
sp. usually occur in situations where there is good aeration, i.e. where 
they are subject to the splashing or trickling of water, or in streams, 
although some habitually occur on damp ground; they are most 
abundant in the earlier months of the year. The threads are some- 
times subject to the attacks of the Rotifer Notommata Wemeckii 
which produces irregular gall- like swellings. 

F. aeasilis (Vauch.) DC. is perhaps the commonest sp., being 
widely distributed in damp and wet situations in the neighbourhood 
of streams, cataracts, and boggy springs; threads 65-80 br. (fig. 121, 
A and B). F; geminata (Vauch.) DC. occurs in similar localities; 
threads 78-90 br. (fig. 120, H). F. tergreatria Lyngb. and F. hamata 
(Vauch.) Lyngb. (fig. 121, C and D) occur in profusion on damp 
ground, often forming thick mats on gravel paths and on the surface 
of soil of damp flower-pots. F. ornithocephala Ag. (F. aericea Lyngb.) 
(fig. 121, £), which is the smallest Brit. sp. (threads 48-55 br.), and 
F. averaa Hass, usually occur entirely submerged in the waters of 
ditches and ponds. F. dichotoma (Lyngb.) Ag. is the largest Brit. sp. 
(threads 180^220 br.) and is dioecious. Some forms of it are truly 
marine, but others occur in brackish water. 



CLASS II. HETEROKONTAE 

This class was first clearly distinguished by Luther^ in 1899, 
although the close relationship between certain of the Algae 
included in it had been recognised much earlier by Borzi^. It 
was however the discovery of definite flagellate representatives 
(Heterochloridales) that paved the way to a proper compre- 
hension of its distinctive features. As a matter of fact there is 
no other class in which a flagellate ancestry is as clearly patent 
as in this case, and it has contributed more than any other to 
the firm establishment of the doctrine of flagellate evolution of 
the Algae. The range of form encountered among Heterokontae 
shows an astonishing parallelism with that of Isokontae, but 
the total number of genera and species is far less. 

The motile types of this class are purely flagellate and but few 
are known. They are well exemplified by Chloramoeba^ (fig. 1, B), 
a naked unicell, hitherto encountered only in more or less 
brackish water and not yet found in this country. The living 
individuals have a very variable outline owing to the soft 
character of the periplast (p. 25). The front epd is broad and 
more or less truncated and bears the two unequal cilia, which 
are characteristic of most Heterokontae. One cilium is about 
twice the length of the cell, whilst the other is a very short 
curved structure; beneath their point of attachment lies a con- 
tractile vacuole. The cells contain a single nucleus and 2-6 
discoid chloroplasts, which are always devoid of pyrenoids and 
of a yellow-green colour owing to the presence of an excess of 
xanthophyll^. Such plastids are met with in all Heterokontae 
and are invariably associated with an absence of starch, drops 
of oi) occurring as the usual reserve-food. These facts are 
probably indicative of a metabolism essentially different from 
that of Isokontae. Reproduction of Chloramoeha has not been 
observed, but is no doubt effected by longitudinal division as 
in other Flagellates. Ellipsoidal cysts with a thick membrane 
and filled with copious oil are readily produced. If supplied with 
organic nutriment, Chloramoeha can thrive for prolonged periods 

^ Luther, Bih. K. Sv. Vet.-Akad. Handl. xxiv, 1899, Afd. 3, No. 13, p. 17. 

2 Borzi, Stud. Algologici, Palermo, ii, 1895, p. 199; cf. also Braun, 
1855, p. 49. 

® Bohlin, 1897 a, p. 513. 

* This is shown by the blue coloration resulting on heating with strong 
hydrochloric acid, a useful reaction for recognising doubtful members of 
Heterokontae. 
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in darkness and at such times becomes colourless (cf. Polytoma, 
p. 78; Euglena, p. 409). In Pascher’s Heterochloris, another 
motile unicellular Heterokontan, there are two laterally placed 
chloroplasts in each cell. 

No motile colonial types have so far become known in this 
class, but the palmelloid phase is well represented (Pascher’s 
Heterocapsales), though the assignation of some of the genera 
included here is not altogether beyond doubt. Chlorosacctis^ is 
however an undoubted palmelloid Heterokontan, occurring as 
pale yellow-green diffluent masses or hollow spheres attached to 
freshwater aquatics; it is a rare form not yet found in this 
country. The numerous pyriform cells, with two or more yellow- 
green chloroplasts (fig. 122, E), are arranged peripherally within 
the mucilage which is mainly composed of pectic substances. 
The cells multiply by longitudinal division and propagation is 
effected by typical Heterokontan swarmers with one long and 
one short cilium (fig. 122, F). Thick-walled cysts are also known. 
The relation of Chlorosaccus to Chloramoeha is very similar to 
that of a Tetraspora to Chlamydomonas, except that the motile 
individual in the former case is on a somewhat lower plane of 
development. 

The Heterocapsales also include the common planktonic Alga 
Botryococcus (fig. 125), as well as Askenasyella (fig. 127, B, C), in 
both of which the cells contain only a single chloroplast, a rather 
exceptional condition among Heterokontae and not the only 
respect in which these genera stand rather apart. The dendroid 
type of colony is well illustrated by Mischococcus (fig. 124), a 
freshwater epiphyte, the uniciliate^ zoospores of which secrete 
a tubular mucilage-stalk at their lower end, after coming to rest; 
as cell-division occurs, the products become separated by similar 
mucous stalks and, when a cell divides longitudinally, a kind 
of dichotomous branching is initiated. 

A whole series of forms are known (Pascher’s Heterococcales) 
which constitute the Heterokontaoparallel tathe.Chlorococcales. 
These Heterococcales possess, in common with the Algae 
previously considered, the characteristic chloroplasts, oil as the 
product of assimilation, and, when present, typical swarmers 
with two unequal cilia. There is need to emphasise these facts, 
since the degree of similarity of outward form is in part astound- 
ing. Apart from the ordinary spherical type, such as Chloro- 

1 Luther, loc. cit. p. 3. 

* In quite a number of the Heterokontan swarmers but a single cilium 
has been observed. It is generally assumed that the short one, which is 
often directed backwards and adpressed to the body, has been overlooked, 
but it is not at all unlikely that this cilium may have been completely 
eliminated in some cases. 
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botrys (fig. 128), we have Botrydiopsis (fig. 122, B) much re- 
sembling a small yellow-green Eremosphaera, Characiopsis 
(fig. 129) so similar to Characiurn that its species were long 
included in the latter, and Pascher’s Pseudotetraedron^, closely 
parallel to Tetraedron. The analogy goes further, since one can 



Fig. 122. A, Bumilleria exilis Klebs (after Bristol); a and 6, vegetative 
threads (x 720); c, the middle cell showing formation of zoospores (x 1250). 
B, Botrydiopsis arrhiza Borzi (after Borzi, x400). C, Chlorobotrys regtUaris 
(West) Boldin, germinating cyst (after Bohlin, x875). D, Trihonema 
hombycinum (Ag.) Derb. et Sol., zoospore (after Luther, x640). E-F, 
ChUiTosaccus fluidus Luthey (after Luther, x 720); E, small part of a colony; 
F, zoospore. 

distinguish a set of forms {Chlorobotrys, Cenlritractus), which 
appear to be azoosporic, from a set in which swarmers are the 
rule {Characiopsis, Botrydiopsis)^. It does not appear that this 
group has adapted itself as strikingly to a planktonic existence, 
as have the Chlorococcales among Isokontae. Pascher^ has 

^ Pascher, Hedwigia, lux, 1913, p. 1. 

2 cf. also Pascher, 1918, p. 899. 

3 Pascher, Ber. Deutsch. Bot. Ges. xxxiii, 1915, p. 488, and xxxv, 1917, 
p. 170. 
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however recently shown that two common oceanic plankton 
types, Halosphaera^ and Meringosphaera, are members of the 
Heterococcales. Perhaps one of the most striking differences, in 
comparing the latter with the Chlorococcales, is the complete 
absence of differentiated colonial types in the Heterococcales, 
a feature which corresponds to their absence among Hetero- 
chloridales. 

Several of the Heterococcales exhibit perculiarities in the 
structure of the cell- wall ^ which is probably in all Heterokontae 
far richer in pectic substances than is the rule among Isokontae. 
In Psetidoteiraedroriy Centritr actus (fig. 127, A), a few species of 
Characiopsis^i and the marine Halosphaera the cell- wall is 
composed of two, usually overlapping, pieces, whilst in Chloro- 
botrys Bohlin^ has recorded the formation of flat cylindrical 
endogenous cysts (cf. fig. 122, C) having a bivalved silicified 
membrane ; similar cysts occur in Pseudotetraedro7i, Halosphaera, 
and Meringosphaera. In the last two, as well as in Chlorohotrys 
and Botrydiopsis, the wall of the ordinary cells is silicified. It is 
not improbable that the bipartite character of the wall may be 
more widely spread among Heterococcales, since it is evidently 
a common characteristic in the Heterokontae (cf. below). 

The multinucleate habit among Chlorococcales finds its 
parallel in Ophiocytium among the zoosporic Heterococcales. 
This is an abundant freshwater form having the shape of a more 
or less elongated cylinder, usually somewhat curved and some- 
times even spirally wound, whilst one or both ends are provided 
with a stalk-like process by means of which attachment is 
effected in the epiphytic species (cf. fig. 130). Here again the 
membrane is composed of two pieces, which are however of 
very unequal size (as in Characiopsis), By treatment with potash 
one can distinguish a small structureless lid and an elongated 
basal portion (fig. 130, K) composed of a series of strata, each 
resembling a long thimble with a strongly thickened rim; by 
apposition of successive strata both thickening of the wall and 
growth in length of the whole cell are brought about^. Repro- 
duction is effected by zoospores or aplanospores, which are 
liberated by detachment of the lid. 

^ Pascher (loc. cit. p. 490) draws attention to the close similarity between 
this genus and Botrydiopsis, and he is evidently even inclined to advocate 
an inclusion of the latter in Halosphaera, 

2 cf. Pascher, 1921, p. 241. 

3 cf. Printz, Vidensk. Selsk. Skrift., Mat.-nat. Kl., No. 6, 1918, p. 44; 
the figures of Carter (New Phytol. xviii, 1919, pp. 180, 182) however show 
nothing of the kind. 

* Bih. K. Sv. Vet.-Akad. Handl. xxvii, 1901, Afd. 8, No. 4, p. 80. 

* cf. Bohlin, Bih. K. Sv. Vet.-Akad. Handl. xxiii, 1897, Afd. 8, No. 8, p. 81 . 
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Only one group of filamentous fornas, the Heterotrichales, 
is at present known among Heterokontae. They include the 
exceedingly common Tribonema {Conferva), which superficially 
resembles some of the species of Microspora (p. 162), and the two 
genera were indeed long confused. In the unbranched threads 
of Tribonema the uniform cells have a wall composed of two 
overlapping portions, so that the filaments tend to dissociate 
into H -shaped pieces (cf. fig. 131), as in Microspora; this is, 
however, the only real resemblance, since all the other charac- 
teristics of Tribonema are typically Heterokontan. Bohlin^ 
showed that the two halves of a Tribonema-ceW are directly 
comparable with those of an Ophiocytium-indyvidnel, but in 
the former case they are equal and the strata are devoid 
of the thickened rim (cf. fig. 131, G). The Heterotrichales 
also include the branched Monocilia^ (== Heierococcus Chodat) 
which is not yet recorded in this country; the short cylin- 
drical or barrel-shaped cells are all alike and seem to have a 
simple wall (fig. 2, I), but the remaining features are typically 
Heterokontan. 

Zoospores (fig. 122, D) have been noted in all the members of 
Heterotrichales, while aplanospores are known in Tribonema 
and Monocilia. Gametes have been recorded both in Tribonema 
and Bumilleria; in the former, according to Scherffel,® an active 
male gamete fuses with a female which has come to rest. This is 
however the only instance of sexual differentiation that has 
become known in Heterokontae, where sexual reproduction 
would altogether appear to be of rare occurrence. 

The interesting mud- Alga Botrydium (fig. 132) is a probable 
rje pr esentative of the siphoneous tendency amongTIeterokontae, 
but its position here must remain doubtful until the question of 
the presence of pyrenoid-like bodies, recorded by Klebs^ in 
young individuals, is cleared up. Apart from this, there is 
nothing that speaks against a Heterokontan affinity, even 
should the uniciliate character of the zoospores be confirmed 
(cf. footnote on p. 296). At present Botrydium stands alone as 
a Heterokontan siphoneous type, the reference of Vaucheria to 
this class being no longer entertained (cf. p. 289). On the other 
hand Lagerheim’s Harpochytrium^, a colourless epiphyte on 
freshwater Algae, is suspected of being a specialised member of 
this series. 

^ cf. Bohlin, Bih. K. Sv. Vet.-Akad. Handl. xxiii, 1897, Afd. 8, No. 8,p. 81 . 

* Gerneck, 1907, p. 268; cf. also Chodat, 1918, p. 177. 

3 Bot. Zeit. ux, 1901, p. 149. 

« Klebs, 1896, p. 224. 

* Lagerheim, Hedwigia, xxix, 1890, p. 142. 
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The following classification of Heterokontae is essentially 
based on the scheme proposed by Pascher^, but has been slightly 
modified to bring out the parallelism with the arrangement of 
Isokontae adopted in this book: 

A. HeterochloridaleSy including the motile types or their obvious 

derivatives. 

I. Chloramoebales in which the dominant phase in the life-cycle 
is a motile one. 

II. Mischococcales in which the dominant phase is a sedentary one 
and the individuals are united to form dendroid colonies. 

III. Heterocapsales in which the dominant phase is also sedentary, 
the individuals being embedded in palmelloid colonies. 

B. Heterococcales, including the unicellular sedentary “chlorococ- 

coid” types. 

C. Heterotrichales, including the filamentous members. 

D. Heterosiphonales, including the siphoneoiis type Botrydium. 

The following key* should facilitate the determination of the British 
genera : 

A. Unicellular or colonial, aquatic, not macroscopic, nor inhabiting 
damp mud 

a. Non-colonial, individuals epiphytic, stalked 

1. Cells with a very thin stalk and one chloropl. Stipiiococcus 

2. Cells with a thick stalk and several or many chloropl. 

Characiopsis 

b. Colonial, consisting of few or many cells, embedded in or 

united by mucilage 

1. Free-floating, planktonic 

♦ Cells pyriform, oblong, or globose, arranged in radiating 
series within structureless mucilage Askenasyella 
** Cells ellipsoid or obovate arranged peripherally within 
tough structureless, often orange-coloured, mucus 

Botryococcus 

Cells ovoid or oblong, united in groups of four by short 
mucous bands Stichogloea 

2. Epiphytic, cells united by mucilage-tubes to form dendroid 

colonies Mischococcus 

c. Individuals free-floating (rarely attached), usually spherical, 

sometimes forming indefinite colonies 
1, Cell- wall apparently of a single piece, cells spherical 

^ Hedwigia, liii, 1912, p. 6. Excellent systematic accounts of the Hetero- 
kontae have been given by Heering (Jahrb. Hamburg. Wiss. Anstalt. 
xxiii, 8 Beiheft, 1905, p. 90) and later by Pascher (1925). 

* Owing to our imperfect knowledge of many of the genera of Hetero- 
kontae and since relatively few of them are recorded for the British Isles, 
it has not been deemed feasible to arrange this key according to the natural 
scheme of classification given above. 
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* Cells aggregated within hyaline mucilage to form families 
of 2-16, no zoospores Chlorobotrys 

*♦ Cells solitary, reprod. by zoosp. Botrydiopsis 

2. Cell- wall of two equal pieces, each prolonged into a long 

spine Centritracim 

3. Individuals free-floating or attached, elongated and often 

curved, wall of two unequal pieces, multinucleate 

Ophiocytium 

B. Filamentous, aquatic or terrestrial 

а. Cell-walls firm, splitting into H -pieces Trihonema 

б. Cell-walls hyaline, H -pieces not evident, filaments short 

Bumilleria 

C. Coenocytic, macroscopic, growing on damp mud, body composed 

of overground green vesicle and subterranean rhizoid-portion 

Botrydium 


GROUP 1. HETEROCHLORIDALES 

Series I. CHLORAMOEBALES 

There is only one British genus, which is of very uncertain 
systematic position and possibly belongs to Chrysomonadales 
(cf. Pascher, 1925, p. 27), viz. 

StipitococciLS W. & G. S. West, 1898^. Cells very minute 
gregarious, epiphytic, enclosed 
within an envelope which is 
attached by an extremely fine 
elongated stalk to various fila- 
mentous Algae; envelope at 
first (?) ovoid and apiculate, 
then campanulate, with a 
rounded base and an irregularly 
expanded apex. Chloropl. single, 
parietal, pale green, irregular in 
form; nucleus single in centre 
of cell. Reprod. by zoosp. with 
a single long cilium, produced 
in pairs within the parent-cell 
and becoming attached by the 
end of the cilium which forms 
the stalk (?) of the new indi- 
vidual. 

5. urceolatus W. & G. S. West (fig. 128) is known from W. Yorks 
and N.W. Scotland as an epiphyte on Mougeoiia and Sphaetozosma ; 

1 W. and G. S. West, Joum. of Bot. xxxvi, 1898, p. 886. 



Fig. 128. Stipitococcus urceolatus W. 
& G. S. West; A-C, epiphytic on a 
filament of MougeoHUy from Oughter- 
shaw Tam, W. Yorks; A, x500; 
B and C, x780; D, epiphytic on 
Sphaerozosma ea^avaiumy from Har- 
ris, Outer Hebrides (x SCk)). 
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cells 8-4*2 br. ; 6*5-10*5 1. A second species has been described from 
Germany ^ A close ally is Gobi’s Peroniella but both genera are very 
imperfectly known. The published accounts of Stipitococcus leave the 
question as to the presence or absence of a cell-membrane vague, but 
the protoplast is probably naked and metabolic. 


Series II. MISCHOCOCCALES 
This at present includes only the genus 

Mischococcm Naegeli, 1849^ Cells globular, situated at the 
extremities of thick tubular mucilage-stalks and united to form 
small branched colonies. Chloropl. 1~4 per cell. Reprod. by 
1-ciliate^ zoosp. with two chloropl., formed singly in the terminal 
cells and stated sometimes to function as gametes. On coming 



Fig. 124. Mischococcus confervicola NsLeg. A, from Cam Fell, W. Yorks; 
B and C, from Ruislip Reservoir, Middlesex (x 500). 


to rest the zoosp. rounds off and secretes a short mucilage-tube ; 
this is followed by (mainly transv.) cell-div., the products 
becoming separated by further mucilage-secretion; sooner or 
later branching is initiated, the two cells formed by a division 
secreting mucilage-tubes in different directions. The zygosp. is 
stated® to divide in two directions in one plane forming an epi- 

^ Schmidle, Hedwigia, xli, 1902, p. 151. 

• Gobi, Script. Bot. Hort. Univ. Imp. Petropolitanae, i, l686, p. 244; 
Serbinow, ibid, xxiii, 1906, p. 91. 

® Naegeli, 1849, p. 80; Borzi, Stud. Algol, ii, 1895, p. 121, and Malpighia, 
II, 1888, p. 188; Pascher, 1925, p. 88. 

* West (1916 a, p. 404) speaks of unequal cilia.” 

^ cf. Oltmanns, 1922, p. 26. 
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phytic cushion, all the cells of which are situated on short broad 
mucilage-stalks . 

M. confewicola Naeg. (fig. 124) is a rather uncommon epiphyte 
on various filamentous Algae in small ponds and ditches, or more 
rarely in peaty pools; cells 3-5-5-5 br. 


Series III. HETEROCAPSALES 


Botryococcus Kutzing, 1849^ (inch Ineffigiata W. & G. S. West, 
1897, emend. 1903; Botryo- 
monas Schmidle, 1899; Bo- 
tryodictyon Lemmermann, 

1903). Colonies free-floating, 
of very varied shape, com- 
posed of a number of more or 
less spherical cell-aggregates 
embedded within a tough 
(sometimes orange-coloured) 
mucous envelope which is 
folded, wrinkled, and fre- 
quently drawn out into ir- 
regular lobes, processes, or 
spines; the smaller colonies 
sometimes united by more or 
less ri^ prolongations of the 
envelope into much larger 
ones. Cells ellipsoid or obo- 
vate, arranged peripherally 
within each aggregate about 
a central mucilaginous region 
(cf. also below); chloropl. 
single, cup-shaped or discoid, 
containing a naked pyrenoid- 
like body (fig. 125, C, D) .„d 

occasionally with small gra- of colony; B, smaller colony; C, part of 

nules of starch (? Chodat, single family in section ; D, colony, from 

1^^ which many cells have been pressed 

loc. cit. p. 338); large quanti- ^ 

ties of oil often present. The 

cells can at times be squeezed out of the envelopes which are 
so firm that they retain their shape. Multiplication of cells by 
longit. div. only, whereby increase of cell-aggregates is brought 
about, these later becoming separated by the development of 



^ Chodat, Journ. de Bot. x, 1896, p. 338; West and West, 1897, p. 508; 
West and West, 1908, p. 80; Carlson, Bot. stud. till. Kjellman, Upsala, 
1906, p. 141; Smith, 1920, p. 88; Pascher, 1925, p. 86. 
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elongated processes of the envelope; vegetative propagation by 
fragmentation of the older colonies. Production of s warmers 
doubtful. Pascher (1925, p. 89) refers this genus to the Hetero- 
coccales. 



Botryococcm Braunii Kiitz. (fig. 125) is a very widely distributed 
Alga, being found in ditches, bogs, tanks, 
water-butts, and as a plankton-form in 
large ponds and lakes; cells 3*4-9 br. ; 

5*7-10*5 L; diam. of single aggregates 
21-56, of colonies 46-350 (in the plankton 
up to 1 J mm.). When it occurs in quan- 
tity the cells develop abundant oil, which 
in the late summer becomes brick-red 
owing to a pigment dissolved in it ; the 
oil sometimes escapes from the cells and Fig. 126. Boiryococcus sude- 
adheres to the aggregates and processes New 

of the enveloping mucus. Although fre- ^ isolated cells ( x 450): 
quently investigated, the structure and 

reproduction of this widespread form are incompletely known, and the 
accounts of the same investigator published at intervals in no way 
agree with one another. This is in great part due to the fact that the 
tough and highly irregular mucilage-envelope obscures to a very large 
extent the cell-structure, so that the individual aggregates are almost 
indecipherable. Each cell appears to be located within a funnel-shaped 
and often stratified mucilage-cup whose base is prolonged into a thick 
stalk which extends to the centre of the aggregate ; this structure is 
however only readily recognisable in young stages. The origin of the 
envelope is not clearly established. It appears that in some cases the 
cells lie at the periphery of the mucilage whilst in other eases the latter 
forms a definite superficial layer. Some of the specially opaque stages 
were described by W, & G. S. West in 1897 under the appropriate 
name of Ineffigiata neglecta, whose identity with B. Braunii was only 
later established. The reference of the Alga to Heterokontae is not 
altogether certain and, if the reported presence of starch and of a 
“pyrenoid” is correct, it would even seem very doubtful. Carlson 
(loc. cit. p. 143) records the presence of short “pseudocilia” arising 
in a tuft from the outer end of the cell. 

The three other sp. known from the Brit. Isles are rarer. B. sudeticus 
Lemm. (fig. 126)^, in which the gelatinous membrane is more delicate, 
has been recorded from various localities, whilst B, protuberans 
W. & G. S. West is known from the plankton of Loch Fadaghoda^ 
Lewis, and is distinguished by prominent projection of the cells from 
the mucus in which they are embedded (West and West, 1905, 
p. 507). 


1 Chodat (cf. Bull. Soc. Bot. Genjfeve, vii, 1915, p. 198, and xiii, 1921, 
p. 93) and Pascher (1925, p. 91) place this species in a distinct genus {Botryo- 
a^phaera). 
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Askenasyella Schmidle, 1902^ (incl. Actinobotrys W. & G. S. 
West, 1905 2). Cells pyriform, oblong, ellipsoid, or globose, more 
or less densely arranged in series radiating from the centre of a 
globular or somewhat irregular mass of structureless mucilage 
to form free-floating colonies. Chloropl. single, parietal, generally 
with lobed margins. Zoosp. with a single cilium recorded. 


A. conferta W. & G. S. West (Actinohqtrys confertus W. & G. S. West) 
(fig. 127, B, C) has been found 
in the plankton of various Scotch 
and Irish lakes, as well as in some 
of the bogs of Sutherland. The 
cells (4‘5~5-8 hr.; 6-8-7 1.) are 
rather densely crowded to form 
more or less globular colonies 
and generally show a diminu- 
tion in size from the centre 
outwards. Lemmermann® and 
Pascher (1925, p. 84) refer 
Actinobotrys confertus to Oodes- 
mus (=Stichogloea)y but a com- 
parison of the various figures 
hardly supports this. 

Stichogloea Chodat, 1897^ 

(incl. Oodesmus Schmidle, 

1902^). Cells small, oblong or 
ovoid, united by short muci- 
lage-strands or embedded 
within a mucilaginous mem- 
brane to form free-floating 
groups of fours, more or less 
disposed in one plane ; colonies 
of 8 or sometimes of 16 cells 

also observed. Cell-wall firm A 

, (Schmidle) Lemra. (after Schmidle). 

and sometimes thickened; b and C, Askenasyella conferta W. & 

chloropl. one or two per cell, G. S. West (after West); B, colony 

parietal, olive-green or brown- 

f , n/ 1 ^- 1 1 Stichogloea Doederleimt (Schmidle) 

ish. Multipl. by fission of (after Lemmermann, x776). E, S. 
colony after cell-division. olivacea Chod. (after Chodat). 



The two sp. of this genus are very imperfectly known, and it is not 
impossible that with further study they may be relegated to another 


^ Schmidle, Hedwigia, xli, 1902, p. 154. 

* West and West, 1905, p. 508; West and West, 1906, p. 108. 

* Archiv f. Hydrobiol. u. Planktonk. v, 1910, p. 827. 

* Chodat, 1897, p. 802. 

* Schmidle, Hedwigia, xli, 1902, p. 162. 
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class it is possible too that they would find a more suitable place in 
the Heterococcales. S. olivacea Chod. (cells 9-15 1.) (fig. 127, E) i^ 
known from the plankton of certain Scotch lakes, whilst S. Boeder- 
leinii (Schmidle) (Oodesmua Doederleinii Schmidle; cells 6 br.; 8 1.) 
(fig. 127, D) has been reported by Lemmermann* in the plankton of 
Loch Doon, Ayrshire. Pascher regards these two species as synony- 
mous and would also include with them Askenasyella conferta. 


GROUP 2. HETEROCOCCALES 

Family 1. CHLOROBOTRYD ACEAE 

This includes a number of free-floating unicellular forms with 
firm walls and from two to many parietal chloroplasts in each cell. 
Reproduction is effected by zoospores or aplanospores, by special 
bivalved cysts, and (in Botrydiopsis) by isogametes. 

Chlorobotrys Bohlin, 1901^. Cells globose, subglobose, or 
broadly ovoid, solitary or more commonly in families of 2, 4, 8, 
or 16 surrounded by a wide hyaline homogeneous mucilage- 
envelope; cell- walls firm, smooth, of some thickness and often 



Fig. 128. Chlorobotrys regtUaris (West) Bohlin, ftrom Tremethick Moor, 
Cornwall ( x 450). 

prominently silicified. Chloropl. 8-80 in number, discoid, parietal, 
but the pigment sometimes more or less diffuse; a prominent red 
pigment-spot is commonly found in each cell. Reprod. by div. 
of protoplasts in two or three directions, with formation of 
colonies which, when consisting of 4-16 cells, are often very 

* cf. Pascher, Hedwigia, uii, 1912, p. 18; Pascher, 1925, p. 84. 

* W. and G. S. West, Joum. Linn. Soc., Bot. xxxv, 1908, p. 582. 

* Bohlin, Bih. K. Sv. Vet.-Ak. Handl. xxvii, 1901, Afd. iii. No. 4, p, 84; 
West and West, 1908, p. 78; Smith, 1920, p. 82. 
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symmetrical; later these cells fall apart^. Bivalved silicified 
cysts having the shape of flat cylinders are formed from the 
contents of ordinary cells, on germination producing a few 
aplanosp. which are liberated by separation of the valves (fig. 
122, C). 

The mode of division and the method of eyst-formation require 
further study. Of the two sp., C. regularis (West) l^ohlin (Chlorococcum 
regulate West) is widely distributed and often abundant in the 
Sphagnum-hog^ of the Brit. Isles; cells 12— 19, families with investment 
34-90 br. (fig. 128). C. limneticus Smith, with ovoid cells (5-6 x6-8) 
having only 3-^ chloropl., is recorded by Pearsall* from the plankton 
of various lakes of the Lake District. 

Botrydiopsis Borzi, 1889^. Cells rather large, spherical, isolated, 
free-floating, with a delicate and colourless wall, which is some- 
times slightly silicified and composed of two pieces; there is a 
rather large central nucleus, and numerous parietal discoid 
chloropl. Reprod. by typical Heterokontan zoosp. or aplanosp,, 
formed in large numbers in the cells; those producing zoosp. 
are more or less ovoid. In some cases the aplanosp. become 
thick-walled resting cells with deep red oily contents and on 
germination produce isogametes with almost equal cilia; the 
spherical zygosp. gives rise to ordinary vegetative cells. Bivalved 
cysts with a membrane composed of two unequal halves recorded 
by Pascher^. 

The only known sp., B, arrhiza Borzi (fig. 122, B), has been 
recorded by G. S. West from Berkswell, near Birmingham (Grove, 
1920, p. 53); cells 30-40 br. 

Centritractus Lemmermann, 1900®. Cells solitary, cylindrical, 
with conical extremities prolonged into a long pointed spine; 
wall coarse, composed of two overlapping pieces. Chloropl. two 
or more, parietal, sometimes reticulate; cells 1 -nucleate. Reprod. 
by transv. div. 

The only sp., C. belonophorus (Schmidle) Lemm. (Schroederia 
belonophora Schmidle (fig. 127, A)), is a rare plankton Alga which has 
been recorded by G.S. West from Berkswell, near Birmingham (Grove, 
1920, p. 53). 

^ Poulton (Bull. Soc. Bot. Geneve, xvii, 1925, p. 13) records zoospores 
in a form described as C. stellcUa Chod. which is as yet only known in cultures, 
but the assignation of this Alga to the genus Chlorobotrys appears doubtful. 

* Journ. Linn. Soc., Bot. xlvii, 1925, p. 72. 

» Borzi, Stud. Algol, ii, 1895, p. 169; Chodat, 1913, p. 174; Poulton, 
loc. cit. p. 20. With reference to the possible relation of this genus to 
Halosphaera, cf. p. 298. 

* Ber. Deutsch. Bot. Ges. xxxiii, 1915, p. 490. 

* Lemmermann, ibid, xviii, 1900, p. 274. 
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Family 2. CHLOROTHECIACEAE 

A family of unicellular epiphytes reproducing by zoospores or 
aplanospores. 

Characiopsis Borzi, 1895^. Cells epiphytic, solitary or gre- 
garious, rounded, ellipsoid, or ovoid, 
sometimes acuminate, with a firm wall 
and a short thick basal stalk terminating 
in an adhesive disc. Chloropl. several or 
many, parietal, or filling the greater part of 
the cell-cavity ; cells probably at first uni-, 
later multi-nucleate. Reprod. by zoosp., 
formed 4-16 per cell and liberated by 
rupture or dissolution of the upper part 
of the wall of the parent-cell; aplanosp. 
giving rise to 2-4 gametes also known; Fig. 129. A, Characiopsis 
zygosp. on germination producing two ®pL®anci: 

zoosp. Cornwall. B-D, C. turgida 

XK 4 . 4 .* A -u j S. West, from 

Most of the sp. were at one time described Keighley Moor, W. Yorks 

as sp. of Characium. Of the four Brit, sp., (x500). 

C. minuta (A. Br.) Borzi (fig. 129, A) is the 

most frequent; cells 5*5 br. and 17-18 1. The largest sp. are C. turgida 
W. & G. S. West (cells 11-5-16 br.; 86-46 1.) (fig. 129, B-D) and 
C. Naegelii (A. Br.) Lemm., the latter with oval, elliptical, or sub- 
spherical cells (6-28 br. ; 16-50 1.) with a broadly rounded apex. 

Characium cylindricum Lambert (cells up to 240 1.), recorded by 
Griffiths* on Rotifers, is likely to be a sp. of Characiopsis. 

Family 8. OPHIOCYTIACEAE 

The only genus is 

Ophiocytium Naegeli, 1849® (incl. Sciadium A, Braun, 1855). 
Individuds free or attached, commonly solitary but sometimes 
colonial (fig. 180, J), mostly many times longer than their diam. 
and usu^ly curved or spirally contorted, the two ends being 
similar (blunt or spined) or one end more or less distinctly 
swollen and the other produced into a stalk or spine; cell- wall 
consisting of a homogeneous lid fitted to the apex of a long tube 
composed of successive layers of pectose compounds (cf. p. 298 
and fig. 180, K). Cells, when mature, multinucleate, with a 

' Borzi, Stud. Algol, xi, 1895, p. 151; Lemmermann, Abh. Nat. Ver. 
Bremen, xxiii, 1914, p. 249; Carter, New Phytol. xviii, 1919, p. 177. 

* Griffiths, 1928, p. 190. 

• Naegeli, 1849, p. 87; Braun, 1855, p. 48; Bohlin, Bih. K. Sv. Vet.-Ak. 
Handl. xxiii, 1897, Afd. 8, No. 8, p. 81 ; Lemmermann, Hedwlgia, xxxviii, 
1899, p. 20; Pascher, 1925, p. 72. 
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number of large parietal somewhat H -shaped chloropl. (fig. 
130, A). Reprod. by ovoid 2-ciliate zoosp., eight formed per cell, 
or by ellipsoidal aplanosp.^; liberation by detachment of the lid 
(fig. 130, C). In the attached sp. the zoosp. usually settle down 
at the rim of the empty parent-individual and there grow into 
adult cells ; if this is repeated, dendroid colonies result. Gametes 
not observed. 

This genus appears closely related to Tribonema (cf. Bohlin, loc. cit.). 
The best systematic account is that given by Heering (cf. p. 300) ; see 



Fig. 180. A, Ophiocytium majus Naeg.jlfrom Bowness, Westmorland. 
B-O, O. cochleare (Eichw.) A. Br., from same locsality. H and I, O. bicuspi- 
datum (Borge) Lemm. forma longispina Lemm., from Pilmoor, N. Yorks. 
J, O. Arbuscula (A. Br.) Rabenh., from Mitcham Common, Surrey. (All 
x450.) K, O. graciliceps (A. Br.) Rabenh., after treatment with potash 
(after Bohlin, x 570). 

also Lemmermann, loc. cit. Six sp. are known to occur in the Brit. 
Isles, several of which are widely distributed, especially in small 
ponds and pools which are poorly aerated. O. Arbuscula (A. Br.) 
Rabenh. (Sciadium Arbuscula A. Br.) is an attached sp. often develop- 
ing characteristic branch-systems (fig. 180, J ; cells 3-8 br.). The largest 
sp. is O. majus Naeg. (fig. 130, A), with cells up to 17 p. br. O. cochleare 
(Eichw.) A. Br. (fig. 130, B-G; cells 5-8 br.), O. capitatum Wolle 
(spinous at either end, cells 2-7-10 br.), O. bicuspidatum (Borge) 
Lemm. (fig. 130, H and I; cells 12-15 br.), and O. parvulum (Perty) 
A. Br. (blunt at both ends, cells 3-9 br.) are also frequent. 

1 According to Pascher (1921, p. 242) these spores have a bivalved wall 
composed of two unequal pieces. 
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GROUP 8. HETEROTRICHALES 

This comprises the filamentous Heterokontae which may at 
present all be grouped in the 

Family TRIBONEMACEAE 

Tribonema Derb^s & Solier, 1856^ (Conferva in the sense used 
by Lagerheim, 1888). Filaments unbranched, composed of 
uniform cylindrical or slightly barrel-shaped cells, with walls 
which are often of considerable thickness and consist of two 
overlapping pieces built up of successive strata of pectic sub- 
stances (fig. 181, G); filaments readily breaking into H -shaped 
pieces, composed of a septum and the cylindrical halves of the 
adjacent cells on either side. Cells with one nucleus (sometimes 
two) and a number of parietal chloropl. which are occasionally 
few and irregular in shape, but more often numerous and discoid. 
Asex. reprod. by formation of akinetes and of 1-5 typical zoosp. 
(fig. 181, C) or globular or ellipsoidal aplanosp.^ (fig. 181, 1) in any 
cell; liberation by breaking of the filament into H -shaped pieces. 
Young filaments originating from zoosp. at first attached by a 
stalk-like base (fig. 181, F), those formed from aplanosp. free- 
floating ab initio. Sex reprod. by fusion of morphologically 
similar gametes, provided with a reddish-brown stigma, one of 
which comes to rest and rounds off before the other active gamete 
fuses with it; zygosp. spherical. 

The generic name Conferva goes back to the time of Pliny, and 
Linnaeus included under it most of the branching as well as the simple 
filamentous Algae then known. Hazen (loc. cit.) first pointed out that 
“there is no warrant whatever for employing the name Conferva to 
designate the genus recognised under that name in Lagerheim's 
revision, for there is no evidence that tjiese species were ever collected 
by Linnaeus, and certainly none of them was distinguished by him 
from other simple filamentous forms. For Lagerheim’ s group of 
species the adoption of a generic name based on a recognisable species 
as a type is essential. The earliest such name in the present case is 
Tribonema Derb^s and Solier, 1856. This genus was based on a single 
species, C. bombycina, and in the diagnosis, for the first time in the 
history of the species, explicit mention was made of the most essential 
character, namely the form of the chromatophores.” These are briefly 
the grounds for the abandonment of the name Conferva and the 
adoption of Tribonema. 

^ Lagerheim, Flora, lxxii, 1889, p. 104; Klebs, 1896, p. 846; Bohlin, 
loc. cit. p. 8 et seq.; Hazen, 1902, p. 181; Poulton, loc. cit. p. 50. 

* According to Pascher (1921, p. 242) these spores have a bivalved wall. 
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Of the six Brit, sp., T, hombycinum (Ag.) Derb. &, Sol. (= Conferva 
bombycina Ag. (fig. 131, A-G)) is very widely distributed in varied 
habitats, being also occasionally found in cultivated soils ; like many 
other Heterokontae it favours shaded pools or those which are grass- 
grown at the margin ; its cells are 8-15 br., but a small form with cells 
only 5-6*5 br. (f. minor (Wille) G. S. West (fig. 131, H and I)) is also 



Fig. 131 . A-G, Tribonema bombycinum (Ag.) Derbfes & Sol. ; A, from Shipley, 
W. Yorks; B, showing aplanospores (ap), from Senens, Cornwall; C, zoo- 
spore, and D-F, young plants, from Senens, Cornwall (all x450); G, after 
treatment with potash (after Bohlin, x 570). H and I, T. bombycinum forma 
minor (Wille) G. S. West; H, from Shipley, W. Yorks; I, showing aplano- 
spores (ap), from near St Just, Cornwall (x450). J, Bumilleria pumila 
W. & G. S. West, from near Senens, Cornwall (x450). 

very common. T. affine (Kiitz.) G. S. West (==C. affinis Kiitz.) has 
very narrow (5-5*4 br.) and elongated cells with few irregular chloropl. 
and the apical cell is apiculate. A much rarer sp. is T. obsoletum 
G. S. West (=C. obsoleta W. & G. S. West, 1908, p. 77), with cells 
19-21 br. and very small and numerous chloropl. which are densely 
crowded. 


312 


CLASS //. HETEROKONTAE 


Bumilleria Borzi, 1895^. Filaments unbranched, composed of 
uniform oblong, barrel-shaped, or almost quadratic cells, often 
loosely connected and with a homogeneous wall composed of 
pectic substances; the latter may sometimes form a distinct 
mucous cylinder in which the cells appear embedded and gives 
indication of H -shaped structure only in some sp. Cells with 
1-2 nuclei and 2-12 parietal pulvinate chloropl. (fig. 122, A). 
Reprod. by fragmentation and by 1-ciliate zoosp. of which 2-4 
are formed in each cell; also by ajdanosp. in one sp. Sex. reprod. 
doubtful. Resting akinetes readily formed on exposure to 
drought. 

The sp. of this genus are in part very incompletely known and one 
may feel considerable doubt whether they form a homogeneous 
group. Two are recorded for Gt Britain, in B, exilis Klebs (cells 
4*5 br. ; 10-15 1.) (fig. 122, A), which is an abundant soil- Alga (Bristol, 
1920, p. 78), but has also been found in ponds, the H -shaped structure 
is apparent and reprod. by fragmentation is common; this sp. stands 
very close to Tribonema, B. jmmila W. & G. S. West (cells 4-8-5*7 br. ; 
5~C1.) (fig. 131, J), on the other hand, has quadrate cells showing 
no signs of H -structure, the cells being embedded in a mucilage- 
cylinder (West and West, 1903, p. 77); it may be doubted whether 
this sp. belongs to the same genus as the other (cf. Heering, loc. cit. 
p. 142, and Pascher, 1925, p. 112). 


GROUP 4. HETEROSIPHONALES 

This includes only the genus 

Botrydium Wallroth, 181 5 2 . Macroscopic, individuals com- 
posed of green pear-shaped or spherical vesicular coenocytes of 
considerable size, rooted in damp mud by a branched system of 
colourless rhizoids. The central sap-cavity is continuous through- 
out the plant and the lininglayer of cytoplasm contains numerous 
nuclei and, in the overground vesicle, numerous peripheral 
lenticular or fusiform chloropl. more or less evenly distributed 
in one or more layers; doubtful pyrens. have been observed in 
young stages. Asex. reprod. by small ovoid 1-ciliate^ zoosp. 
with one or two chloropl., formed when the plants are submerged ; 
they arise in very large numbers by div. of the protoplasmic 
contents of the vesicle and escape through an opening at its 

^ Borzi, Stud. Algol, ii, 1895, p. 185; Klebs, 1896, p. 376; Chodat, 1918, 

p. 180. 

* Hostahnski and Woronin, Bot. Zeit. xxxv, 1877, p. 649; Klebs, 1896, 
p. 223. 

• West (1916 «, p. 415) speaks of two unequal cilia, but the evidence for 
this is not apparent. 
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apex; if the plants are wet but not submerged, aplanosp. are 
formed. As a response to drought the protoplasmic contents 
migrate into the rhizoids and by subdivision form a large number 
of thick-walled resting cysts which are globose or ellipsoid and 
either germinate directly or produce zoosp. Gametes unknown. 

Botrydium granulatum (L.) Grev. (ftg. 132) was long confused with 
Protosiphon (cf. p. Ill), and Klebs (loc. cit. p. 169 et seq.) first showed 
clearly that Rostafinski and Woronin had, in their description of 



Fig. 182. Botryditim granulatum (L.) Grev., from Calverley, W. Yorks. 
A, nat. size; B and C, x45; D and E, x450; D, aplanospores ; E, germinat- 
ing aplanospore. 

Botrydium y combined two distinct Algae. It occurs widely distributed 
over the Brit. Islands, but is very local and the conditions are not 
often suitable for its appearance above ground. It is found almost 
exclusively on drying-up mud and sometimes occurs in countless 
numbers standing out in Mulberry-like masses on mud turned out 
from a canal or on the drying bottom of a muddy pond. The nature 
of the mud is immaterial and the Alga is not uncommonly fou|}d on 
chalk mud. The vesicles reach 2-20 mm. in diameter. 
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In the case of Isokontae and Heterokontae the majority of the 
species known at the present day are possessed of firm cell- walls 
in the ordinary vegetative condition and altogether show an 
“algal” construction. The forms placed in Pascher’s class 
Chrysophyceae^, however, in great part possess naked proto- 
plasts and are essentially “flagellate” in organisation. They 
exhibit nevertheless such a profound morphological parallelism 
with Isokontae and Heterokontae that it would be unnatural 
not to regard them as equivalent or to omit them in a book 
dealing with Algae; moreover the majority of them are holo- 
phytic. The apparent complete absence of sexual reproduction 
in the members of this class is another indication that, although 
highly evolved in some respects, they have remained at a rela- 
tively low level in others. The Chrysophyceae appear in the 
main to favour relatively pure waters and seem to attain their 
greatest development in the cold streams and pools of moun- 
tainous regions. Many are characteristic plankton forms. 

Like the Heterokontae, the Chrysophyceae are characterised 
by the possession of chromatophores with a distinctive pig- 
mentation, usually giving the individuals a golden-yellow or 
brown colour, although in waters rich in organic substance they 
often assume a green tint. The special coloration is in this case 
due to varying amounts of one or more accessory pigments 
(e.g. Gaidukov’s phycochrysin^) about which as yet little is 
known. Pyrenoids are lacking (except Hydrurus^) and starch 
is not known to occur. The products of photosynthesis are stored 
as oil and as colourless highly refractive, usually rounded lumps 
of a body known as leucosin^ the latter constituting one of the 
marked characteristics of the class. Other distinctive peculiarities 
are afforded by the type of ciliation and by certain features of 
the cellular envelope when present (cf. the cysts, p. 815). 
Pascher (1921, p. 286) brings forward evidence supporting 
an affinity between Heterokontae and Chrysophyceae (similarity 
in membrane-structure, pigmentation, and assimilatory products, 
cf. p. 350), for which reason the latter class is considered at this 
point. 

^ Pascher, 1914, p. 143. 

2 Gaidukov, Ber. Deutsch. Bot. Ges. xviii, 1900, p. 831. 

® The chemical composition of leucosin is unknown. It is readily soluble 
in most reagents and is not affected by iodine. Pascher states that it is 
found also in Heterokontae (cf. Pascher, 1921, p. 247). 
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The motile members, classed as Chrysomonadales, fall into 
three main series differing in their ciliation, but agreeing in 
other respects. These are : 

Chromulinales, with a single cilium. 

Hymenomonadales, with two equal cilia (Pascher’s Isochrysidales). 
Ochromonadales, with two unequal cilia. 

The unicellular Chromulina is typical of the simpler Chromuli- 
nales (Euchromulinaceae) and shows many of the characteristics 
of the class. The oval or spherical uninucleate cells (fig. 1, C, 
p. 22) move with the help of a single apical cilium and in many 
species exhibit a certain amount of metaboly (p. 25); like other 
motile organisms, they possess one or two contractile vacuoles 
at the front end and are often provided with an eye-spot. There 
are one or two^ (rarely more) large, well-defined parietal chro- 
matophores, more or less brown in colour, and a single mass of 
leucosin is usually lodged at the posterior end of the cell. Multi- 
plication is effected by longitudinal division, either of the motile 
individual, or after the latter has come to rest and become 
enveloped by mucilage. In some species (e.g. C. Rosanqffii) 
extensive mucilage-masses resembling Palmella-steiges may thus 
arise, and in C. miu^icola Lauterborn numerous ciliated cells 
embedded in diffluent mucilage constitute the normal vegetative 
condition, swarming here only occurring in connection with 
reproduction (cf. Chlamydomonas Kleinii, p. 65). Such forms 
lead over to the Chrysocapsales (p. 319). In a few species^ (e.g. 
C. Hokeana Pascher (fig. 188, C)) there is a slight colonial 
tendency, the products of division cohering for a short time to 
form 2-8-celled motile colonies. 

The dormant stages of Chromulina are constituted by peculiar 
cysts provided with a silicified wall and formed endogenously. 
Scherflel® has given a detailed description of their development 
in the case of C. nebulosa Cienk. The protoplast secretes near its 
periphery a hollow silicified membrane provided with a small 
aperture towards one side (cf. fig. 138, E); the small amount of 
cytoplasm remaining outside becomes vacuolated and is respon- 
sible for the development of the spiral sculpturing on the outer 
surface of the mature cyst of the species named. Finally the 
external cytoplasm passes through the pore into the interior of 
the cyst and the aperture is closed from the inside by the pro- 
duction of a special silicified plug (cf. fig. 188, F), which is usually 

^ Two lateral chromatophores, although not so frequent in Chromulina, 
represent the usual arrangement in the majority of the Chrysomonadales. 

2 Pascher, Ber. Deutsch. Bot. Ges, xxviii, 1910, p. 839. 

* Archiv f. Protistenkunde, xxii, 1911, p. 884. 
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more or less conical. Such cysts are probably characteristic o 
the Chrysophyceae as a whole and a considerable number ar< 
known, though relatively few have been assigned to thei 
appropriate species or genus. The wall of the mature cyst alway: 
consists of two pieces which are mostly of very unequal size ; ii 



Fig. 1.33. A-B, llydrurus foetidus (Vill.) Kirchn.; A, small part of a colony 
(after Berthold, x 470) ; B, cyst- formation (after Klebs, x 600). C, Chromulim 
IJokeana Pascher (after Pascher). D, Chrysococcus rufescens Klebs (afte 
Klebs, X 1000); on the right a stage in division. E, development of a cys 
within a species of Chromulina (after Pascher). F, fully formed cyst of ai 
Ochromonas (after Pascher). G-I, Chromulina Rosanoffii (Woron.) Biitschl 
(after Woronin) ; G, motile individual ( x 540) ; H, two stages in the formatioi 
of the cysts (x 540); I, mature cysts and germination. 

a few Chrysophyceae however the two arc almost equal (cf 
Pascher, 1921, p. 243). Since these cysts contain typical Chry 
sophycean chromatophores and leucosin, they are readih 
identified as belonging to members of this class. On germinatioi 
the cysts give rise to a number of motile individuals which escap* 
through the pore^. 

Chromulina, with its numerous species, is parallel to Chlamy 
dornonas and Chloramoeba, There is no comparable form amon| 
the Hymenomonadfiles, but Ochromonas (Euochromonadaceae 

^ Regarding the peculiar cysts of Chromulina Rosanoffii, see p. 322 
Cysts of Chrysomonadales have been recorded in a Diatomaceous eart 
near Dalmahoy, Edinburgh (see Henderson, Trans. Bot. Soc. Edinburgh 
XXIX, 1925, pp. 186, 142). 
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shows much the same construction and methods of reproduction, 
the approximately oval cells differing chiefly in the possession 
of two cilia at the front end, one from 4-6 times the length of the 
other (fig. 1, D). Both Chromulina and Ochromonas include a 
number of colourless species, essentially different only in the 
absence of chromatophores. In view of the close correspondence 
between these two genera, too much emphasis should probably 
not be laid on the varying mode of ciliation in this class (cf. 
Oltmanns, 1922, p. 21). 

The encapsuled type among Chrysomonadales is represented 
by Chrysococcus (fig. 133, D)^, a Chromulina surrounded by a 
special rigid envelope with a small aperture for the protrusion 
of the cilium (cf. Coccomonas, Trachelomonas). In all three series 
epiphytic types are known, the naked ciliated cells being lodged 
in relatively commodious and variously shaped envelopes, 
mostly with a rather wide aperture (cf. fig. 134, E). The mode of 
attachment to the substratum (usually a filamentous Alga) 
varies and is especially striking in Chrysopyxis^ (Euchromulina- 
ceae) (fig. 2, A , p. 29), where the lower end of the envelope is 
continued into two prolongations fitting saddle-wise over the 
cylindrical thread (generally of Zygnemaceae), the ends being 
joined by a ring of mucilage encircling the algal filament. The 
cilia project from the apertures of the envelopes and are usually 
normally developed, but in Chrysopyxis the cilium tends to be 
replaced by a branched filiform rhizopodium which may be of 
help in connection with occasional ingestion of solid particles. 
Such is known to occur also in several of the free-moving 
members of the class 

Not all the motile unicellular Chrysomonadales possess the 
simple construction above described. In the widely distributed 
plankton-genus Mallomonas (fig. 134, B-D), for example, the 
usually uniciliate^ cells, which are of relatively large dimensions 
and of very varied shape, possess a periplast in which numerous 
small imbricating silicified scales (cf. fig. 134, C) are deposited. 
Some or all of these bear delicate hinged, likewise silicified, 
needles which are commonly of considerable length and doubtless 
serve to heighten the floating capacity. The cells harbour a 
number of variously distributed contractile vacuoles, and in 

^ The Coccolithophoridae, frequent members of marine naiinoplankton, 
are probably closely allied forms (cf. Lohman, Arch. f. Protistenkunde, i, 
1902, p. 89). 

2 cf. Wille, 1887, p. 478; Iwanoff, Bull. Acad. Imp. Sci. St P^tersbourg, 
5 s^r. XI, 1899, p. 251. 

* cf* Sch^rffel, Bot. Zeit. lix, 1901, p. 146, and Ber. Deutsch. Bot. Ges. 
XXII, 1904, p. 489. 

* Scherffel, loc. cit. 1904, p. 441. 
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some species the latter are aggregated round a large anterior 
non-contractile vacuole into which they periodically discharge. 
Reproduction is effected by longitudinal division and typical 
cysts are known in many species. A remarkable colonial member 
of Mallomonadaceae, Chrysosphaerella^^ is rare and has so far 
not been recorded in this country. 

Among the Hymenomonadales, however, there are two 
common colonial plankton- forms, viz. Syncrypta (fig. 2, C) and 
Synura (fig. 185), the former with a simple, the latter with a 
more elaborate periplast. Both form globular colonies of more 
or less ovoid cells with typical Chrysophycean structure. In 
Synura the periplast is usually beset with numerous short 
bristles and the cells show a relatively complex vacuolar system 
resembling that above described for Mallomonas. Compared 
with Volvocales, these colonial forms show a less marked 
individuality ; the movement is irregular, there being no definite 
anterior end, and the method of reproduction is altogether 
different, being effected by fission of the mature colonies. In 
Synura Pascher^ has also recorded propagation by naked 
swarmers which escape from the bristly periplast and exhibit 
a simplification of the vacuolar system. This return of the 
swarmers to a simple type of organisation is a feature of some 
phylogenetic importance that may be sought for also in other 
highly organised Chrysomonadales. 

Phillips’ Chlorodesmus (fig, IS4}, A) is a very striking form 
closely related to Synura. In another colonial Chrysomonad, 
Uroglena (fig, 136, A), the cells of the spherical or ellipsoid 
aggregates show the structure of an Ochromonas (cf. fig. 186, B). 
All three types of ciliated unicells have thus developed a colonial 
habit. 

Colonies of quite a different stamp are seen in two members of 
Ochromonadales, viz. Dinobryon and Hyalobryon ; species of the 
former are abundant plankton-organisms. Non-colonial species 
of both genera are known, a few of them being epiphytes. 

The elongated oval or fusiform cells of Dinobryon (fig. 137, A) 
have a delicate periplast admitting of a certain amount of change 
of shape; the anterior hyaline end is specially amoeboid and is 
frequently hollowed out into a kind of mouth serving for the 
ingestion of small particles. Each cell lies within a wide envelope 
(usually of cellulose), open in front and more or less pointed at 
the back end. Like that of Chrysopyxis, this envelope consists, 
according to Pascher (1921, p. 287), of successive thimble-like 

^ Lauterbom, Zool. Anzeiger, xix, 1896, p. 16, and Zeitschr. f. Wiss. 
Zool. Lxv, 1899, p. 881. 

* Archiv f. Protistenkunde, xxv, 1912, p. 156. 
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segments (see fig. 136, F)^ fitted into one another (cf. Hetero- 
kontae, p. 298). In Hyalobryon (fig. 136, E, G) the projecting 
ends of these segments are visible without further treatment. 
The base of the protoplast in both genera is extended as a con- 
tractile thread which is attached to the base of the envelope, 
commonly a little towards one side (cf. fig. 137, A), and by its 
means the cells are not only able to withdraw somewhat into 
the envelope, but can also travel along its side till they reach 
the aperture. 

Reproduction is effected by the usual longitudinal division 
and, in the non-colonial species, the one daughter-cell, as in 
Chrysococcus^ etc., escapes and forms a new envelope. Colonies 
arise by one (fig. 137, A) or both (fig. 137, C) of the new cells 
moving up to the aperture of the parent-envelope and settling 
down there; in this way variously branched aggregates are 
produced. In the formation of the envelope a small funnel- 
shaped piece first arises at the base and thereupon the proto- 
plast rotates upon its axis, describing a funnel-shaped course, 
and slowly secretes the remainder of the envelope^. 

The Palmella-steigeSy that are not exactly rare among the 
Chrysomonadales, no doubt indicate the method of evolution of 
the Chrysocapsales, corresponding to the Tetrasporales among 
Isokontae. Such are Chrysocapsa (fig. 138), Phaeosphaera (fig. 
139), and the highly differentiated Hydrurus (fig. 140) which far 
exceeds in its marked division of labour any of the palmelloid 
forms found in other classes and may in some respects be ranked 
as high as a Draparnaldia. 

In the British Islands no representatives of this class corre- 
sponding to the Chlorococcales Ixave become known, but Pascher^ 
has described a number of Chrysosphaerales, e.g. Chrysosphaera 
(fig. 2, F), with motionless spherical or ellipsoidal cells repro- 
ducing by Chromulina-\ike swarmers (fig. 2, G), and evidently 
parallel to Chlorococcum or Botrydiopsis. A more striking 
development is that seen in the Chrysotrichales, comprising 
Phaeothamnion (fig. 141) and other interesting filamentous 
members, as yet unknown in this country. Examples are 
Pascher’s Nematochrysis (= Chrysothrix)^ which is unbranched 
and has Ochromonad zoospores, and Conrad’s Thallochrysis^ 

^ These can be demonstrated in certain species (e.g. D. IJiriculus) by 
boiling with potash and staining with Congo Red. 

2 Klebs, Zeitschr. wiss. Zool. lv, 1898, p. 899; Pascher, 1918, p. 64. 

^ Pascher, 1914, p. 159; and Archiv f. Protistenk. lii, 1925, p. 588. 

* Pascher, 1914, p. 159; Ber. Deutsch. Bot. Ges. xxxii, 1914, p. 480; 
loc. cit. 1925, p. 511. 

^ Conrad, Bull. Sci. Acad. Roy. Belgique, 1920, p. 180; Pascher, loc. cit. 
1925, p. 515. 
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which is branched and has ChromulinaAike swarmers; typical 
siliceous cysts are recorded in the last-named genus. With the 
recognition of the algal types mentioned in this paragraph the 
concept of a parallel evolution of Isokontae, Heterokontae, 
Chrysophyceae, etc. has been very materially strengthened. It 
is to be hoped that the many forms recorded from the eontinent 
will not remain long undiscovered in this country. 

In recent years, largely as a result of the investigations of 
Pascher^, a considerable number of normally rhizopodial 
representatives of Chrysophyceae have become known; these, 
well illustrated by Pascher’s Rhizochrysisy are conveniently 
grouped as Rhizochrysidales. It is evident that rhizopodial 
members are more plentifully represented in this group than 
in any other class of the pigmented Protophyta, and an evolution 
of typical colourless holozoic Rhizopods from members of this 
phylum is becoming a possibility. Pascher-^ has also described 
a plasmodial form in which a marked resemblance to Myxomy- 
cetes is beyond question. In short the class Chrysophyceae 
exhibits an astounding diversity of development for which there 
is perhaps no parallel in the other classes, and it will probably 
well repay those who take up its study in this country. 

Following Senn^ and Pascher^ to a large extent, the Chryso- 
phyceae may be grouped as follows: 

A. ChrysommadaleSy including the motile types and their obvious 

derivatives. 

I. Chromulinales^, in which the motile cells bear a single cilium. 

II. Hymenomonadales^y in which they bear two equal cilia. 

III. Ochromonadales, in which there are two unequal cilia. 

IV. Chrysocapsales, in which the dominant phase is sedentary and 

palmelloid. 

B. Chrysosphaerales, the unicellular sedentary ‘‘chlorococcoid” 

type. 

C. ChrysotrichaleSy the filamentous forms. 

D. Rhizochrysidales y the rhizopodial forms. 

Of these only the Chrysomonadales and Phaeothamnion (Chrysotri- 
ehales) are so far recorded in the British Isles ; the following key will 

Pascher, 1918, p. 89; Pascher, Archiv f. Protistenk. xxxvi, 1915, p. 92, 
and XXXVIII, 1917, p. 1. 

* Archiv f. Protistenk. xxxvii, 1916, p. 31 (Myocochrysis paradoxa). 

3 Engler-Prantl, Natiirl. Pflanzenfam., Teil i, Abt. i a, 1900, p. 158. 

* Pascher, 1913, p. 10 et seq.; cf. also Lemmemiann, 1910, p. 415. 

® See what is said on p. 317 as regards the value of this classification 
based on cilial characters. 
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serve for the determination of the genera of Chrysomonadales con- 
cerned : 

I. Chromulinales. 

A. Unicellular, motile, with a simple periplast and simple vacuolar 

system Euchromulinactae 

a. Cells naked Chromulina 

h. Cells with a rigid envelope^, distinct from the periplast 

Chrysococcus 

B. Unicellular, motile, with a complex periplast and a complex 

vacuolar system Mallomonadaceae 

Periplast with imbricating silicified scales, bearing hinged 
needles Mallomonas 

II. Hymenomonadales. 

A. Epiphytic or colonial, with a simple periplast and vacuolar 

system Isochrysidaceae 

Cells united to form globular colonies Syncrypta 

B. Colonial, with a bristly periplast and complex vacuolar system 

Euhymenomonadaceae 
a. Colonies spherical, cells ellipsoidal or ovoid Synura 

h. Colonies band-shaped, cells wedge-shaped Chlorodesmua 

III. Ochromonadales. Only family Ochromonadaceae 

A. Cells devoid of a special envelope, colonial 

a. Cells arranged in spherical or ellipsoidal groups Uroglena 

b. Cells arrangedjn a radiating manner in one plane Cyclonexis 

B. Cells with a special wide envelope, solitary or colonial, epiphytic 

or free-floating 

a. Epiphytic, solitary, envelope with a long, thread-like stalk 

Stylopyxis 

h. Rarely epiphytic, solitary, or frequently colonial and then 
forming dendroid colonies 

1. Envelope apparently uniform Dinobryon 

2. Envelope composed of successive lamellae, whose upper 

ends project on the outer surface Hyalobryon 

IV. Chrysocapsales. 

A. Colonies without definite form, growth not localised 

Chrysocapsaceae 

a. Cells grouped within a more or less spherical mass of mucilage 

Chrysocapsa 

b. Cells grouped within a cylindrical mass of mucilage, which is 

sometimes branched Phaeosphaera 

B. Colonies richly branched, filamentous, with apical growth 

Hydruraceae 

Only genus Hydrurus 


^ cf. also Trachelomonas, p. 414. 
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GROUP 1. CHRYSOMONADALES 

Series I. CHROMULINALES 
Family 1. EUCHHOMULINACE AE 

This comprises the unicellular uniciliate forms with a simple, 
more or less rigid periplast, and one or two contractile vacuoles. 
Epiphytic forms with a rigid offstanding envelope are also known, 
but have not been recorded for the British Isles. 

Chromulina Cienkowski, 1870^. Unicellular, naked, rarely 
temporarily colonial, freely motile by means of a single long apical 
cilium (1-7 times as long as the cell), protoplast usually exhi- 
biting some metaboly. Cells commonly ovoid or ellipsoid, either 
with a single chromat. having the form of a large curved plate 
or two laterally disposed chromats., and with a large whitish 
mass of leucosin at the posterior end; nucleus usually central, 
one or two contr. vacs, at the front end, eye-spot often recognis- 
able. Multipl. by longit. div. of the motile or resting individuals, 
in the latter case often with formation of palmelloid stages. 
Endogenously formed silicified cysts, with a sculptured membrane 
and a small plugged aperture on one side (cf. p. 315), known in 
a few sp. 

Sp. of this genus are widespread in pure water on the continent, 
but so far only two are known to occur in this country. C. ovalis 
Klebs (fig. 1, C, p. 22), with cells which are slightly emarginate in 
front and have a single large chromat., has been observed by the 
writer in a number of Surrey ponds; cells 6-7 br. and 9-14 1. C. 
Rosanoffii Biitschli {Chromophyton Rosanoffii Woron.) (fig. 133, G) 
occasionally occurs in aquaria and is specially characterised by its 
method of cyst-formation^. The motile individuals come to rest at 
the water-level and a small knob-like outgrowth, protruded through 
the surface-film (ftg. 133, H), gradually enlarges into a floating 
spherical cyst containing almost the whole protoplasmic body, only 
a small stalk-like remnant remaining underneath (fig. 133, I). Since 
the concave chromatophore reflects the light falling on the cysts, the 
latter if present in large numbers give a golden-brown sheen to the 
surface of the water. 

Chrysococcus Klebs, 1893^. Unicellular and freely motile, the 

1 Cienkowski, Archiv f. mikroskop. Anat. vi, 1870, p. 435; Pascher, Ber. 
Deutsch. Bot. Ges. xxviii, 1910, p. 341 et seq.; Pascher, Monogr. u. Abh. 
Internal. Rev. Hydrobiol. u. Hydrogr. i, 1910, p. 15; Pascher, 1918, p. 18. 

2 Woronin, Bot. Zeit. xxxviii, 1880, p. 629. 

® Klebs, Zeitschr. wiss. Zool. lv, 1898, p. 413; Pascher, loc. cit. 1910, 

p. 28. 
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naked protoplast enclosed within a spherical or ovoid, smooth 
or sculptured and often brown-coloured rigid envelope, possessing 
a narrow apical aperture for the cilium which is 1-7 times the 
length of the cell. Chromat., etc. as in Chromulina, Multipl. by 
longit. div. of the protoplast, one daughter-individual adopting 
the envelope of the parent, whilst the other escapes (cf. fig. 183, 
D) and secretes a new one. Cysts unknown. 

Only two sp. have been found in the Brit. Isles and these are rare. 
C. rufescens Klebs (fig. 133, D), with a smooth brown spherical 
envelope and two lateral chromat., has been recorded from the lake 
in the Royal Botanic Gardens, Kew (Fritsch, 1906, p. 219); cells 
8-11 br. C. tessellatus Fritsch (1914, p. 346) was found at Keston, 
Kent, and is characterised by the tessellate structure of the front half 
of the envelope and the two small lateral chromats. 

Family 2. M ALLOMONAD ACE AE 

In this family the uniciliate individuals are provided with a 
i?iore elaborate periplast and a more complex system of con- 
tractile vacuoles. In this country there are only records of the 
occurrence of species of 

Mallomonas Perty, 1852^. Unicellular and motile, relatively 
large, cilium usually not longer than the cell which is of diverse 
shape and has a periplast in which are deposited numerous small 
circular or angular silicified imbricating scales, which show regular 
or irregular arrangement and some or all of which bear delicate 
hinged (sometimes hollow) siliceous spines, occasionally with 
fine teeth at the ends. Chromats. two, lateral and parietal; 
contr. vacs, four or more, lodged at the front or back or in the 
middle of the cell, whilst in some sp. there is in addition a large 
anterior non-contractile vac. ; nucleus ellipsoidal, often large and 
distinct. Reprod. by longit. div. and by amoeboid cells escaping 
from the periplast and giving rise to palmelloid stages. Typical 
cysts known in several sp. 

The sp. of this genus, four of which have been recorded from the 
Brit. Isles, are typical freshwater plankton-organisms and may at 
times be dominant. M. acaroides Perty, with ovoid or ellipsoid cells 
(7-12 br.; 20-26 1.), and M. longiseta Lemm., with obovoid cells 
(16-21 br. ; 88-46 1.) and transversely arranged scales (fig. 134, D), are 
both completely covered with backwardly directed spines. In 
M, producta Iwan. (fig. 134, B) the spines are often developed only in 
the posterior half of the narrow ellipsoidal cell (9-18 br. ; 40-70 L). 

^ Iwanoff, loc. cit. p. 247; Scherffel, loc. cit. 1904, p. 441; Conrad, 
Archiv f. Protistenkunde, xxxiv, 1914, p. 79; Rehfous, Bull. Soc. Bot. 
Genfeve, s^r. 2, vii, 1915,. p. 128. 
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Fig. 134. A, Chlorodesmus hUpidus Phillips (after Phillips). B, MalUrmonaft 
producia (Zach.) Iwanoff (after Smith, x 37.5), anterior end downwards. 
C, M. caudcUa Iwanoff (after Smith, x375). D, M. longiseta Lemm. (after 
Lemmermann, x 375). E-F, Stylopyxis Bachmanni Fritsch (after Bach- 
mann). 


Series II. H YMENOMONADALES 
Family 1. ISOCHR YSID ACE AE 

Here belong the biciliate forms with a simple periplast and 
simple vacuolar system. No unicellular motile representatives 
are known in this family which comprises only colonial and 
epiphytic types. 

Syncrypta Ehrenberg, 1838^. Colonies freely motile, globose 
and compact, composed of closely fitted obovoid cells with a 
broad anterior end, the whole invested by structureless mucilage, 
through which the two equal elongate cilia of the individual 
cells protrude. Chromats. two, lateral; one or two anterior 
contr. vacs. ; protoplast slightly metabolic. Multipl. of cells by 
longit. div., of colonies by fission. Cysts unknown. 

S, Volvox Ehrenb. (fig. 2, C, p. 29), the only sp., is widespread in 
^ Pascher, loc. cit. 1910, p. 36. 
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standing waters, but usually not abundant. The mucilage-envelope 
contains minute rods which give it a granulate appearance; cells 
7-12 br. and 8-14 1.; colonies 20-70 br. 

Family 2. EUHYMENO MONAD ACE AE 

This includes forms with a variously ornamented periplast 
and a complex anterior vacuolar system. Only colonial repre- 
sentatives are known in this country. 

Synura Ehrenberg, 1838^. Colonies freely motile, usually 
destitute of a mucilage-envelope, mostly 
more or less globose and compact, com- 
posed of a variable number (from 2-50) 
of obovoid or ellipsoid cells which are 
united by the more or less protracted 
(sometimes stalk-like) basal ends and 
have a coarse periplast (or close-fitting 
envelope?), generally covered with short 
bristles (but sometimes verrucose or reti- 
culate). Chromats. two, lateral, parietal; 135 Synura Uvella 
several masses of leucosin at back end of Ehrenb. Single colony 
cell; nucleus central, spherical, large; no ^^4(K)), from Eldwick, W. 
eye-spot; contr. vacs, several, basal and 

apical, in the latter position often a large non-contractile vesicle ; 
cilia 1-2 times length of cell. Multipl. of cells by longit. div., 
of colonies by fission; reprod. also by means of naked s warmers 
which slip out of the periplast and may become amoeboid or 
form palmelloid stages. Cysts spherical. 

S. Uvella Ehrenl^erg (fig. 135), the only Brit, sp., though rare in the 
plankton of the larger lakes, is commonly found in small ditches and 
pools, particularly if they are of rain-water, and pure gatherings can 
frequently be obtained in the early summer; colonies 100-400 br.; 
cells 8-17 br., 20-40 1. Conrad (1920, p. 176) has recorded colonies 
with a definite mucilage-envelope, as well as aggregations of 100 and 
more cells, densely arranged along a gelatinous filament, so as some- 
what to resemble Chlorodesmus, It is doubtful whether more than 
one sp. of Synura has so far come to light, the diverse ornamentation 
of the periplast, upon which other sp. have been based, appearing to 
be a variable feature. According to Moore^ this genus is responsible 
for an odour of water resembling that of ripe cucumbers. 

^ Pascher, Archiv f. Protistenk. xxv, 1912, p. 154; Conrad, Bull. Soc. 
Roy. Bot. de Belgique, xlix, 1912, p. 126; Conrad, Bull. Sci. Acad. Roy. de 
Belgique, 1920, p. 167; Petersen, Vid. Medd. Dansk. nat. Foren. lxix, 
1918, p. 345. 

* Moore, Yearbook U.S. Depmt. Agric. 1902, p. 184. 
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Chlorodesmiis Phillips, 1882^. Colonies freely motile, devoid 
of a mucilage-investment, band-shaped, composed of a variable 
number of wedge-shaped cells (oval in side-view), with concave 
flanks, joined by their broader posterior ends to form a two- 
ranked aggregate; each cell with a periplast resembling that of 
Synura. Chromats. two, lateral and parietal; no eye-spot; 
vacuolar system similar to that of Synura; cilia as long as the 
cells. Reprod. unknown. 

C. hispidus Phillips (fig. 134, A), the sole sp., has only been re- 
corded from Hertfordshire; it has also been found in the Black 
Forest, Germany. The cells are 1^-2 times as long as broad, but the 
actual dimensions are not known. At certain times the colonies 
exhibit a rhythmic contraction and expansion, the contracted colony 
being only one-flfth the length of the expanded one. 

Sebies III. OCHROMONADALES 
Family OCHROMONAD ACE AE 

The members of this family have two unequal apical cilia and 
all possess a simple periplast and simple vacuolar system. The 
Unicellular motile genus Ochromonas (cf. p. 316) is at present 
unrecorded for the British Isles, but two colonial types are 
represented. The family also includes a number of genera in 
which the individuals are situated within a delicate wide envelope 
(Lepochromonadineae of Pascher, 1913, p. 60), some of the 
species being solitary and others colonial. The envelopes are 
composed of a number of successive thimble-like pieces. 

Uroglena Ehrenberg, 18882. Colonies spherical or ellipsoidal, 
composed of ovoid or ellipsoidal cells, situated at slight intervals 
at the periphery of a mass of mucilage and tapering at their 
inner ends into thread-like (hollow?) mucilage-strands forming 
a forking system meeting in a common centre (fig. 186, A). 
Chromat. a curved parietal plate, with a rod-shaped eye-spot 
at the front end; two anterior contr. vacs,; nucleus central. 
Multipl. of cells by longit. div., of colonies by bipartition. Cysts 
spherical, with a membrane bearing prominent pointed spines 
and a long tubular process on one side (fig. 186, C). 

U. Volvox Ehrenb. (fig. 186, A-C) is found in the same situations 
as Syncrypta and Synura, but is far less abundant. The colonies are 
40—400 hr. and the cells 12—20 1. and 8—13 br. ; the longer cilium is 
2-3 times as long, the shorter about as long as the cell. 

^ Phillips, Trans. Herts. Nat. Hist. Soc. ii, 1882, p. 92. 

* Zacharias, Forschungsber. PlOn, in, 1895, p. 78; Petersen, loc. cit. 
p. 858; Iwanoff, loc. cit. p. 254. 
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Fig. 136. A-C, Uroglena Volvox Ehrenb.; A, colony about to divide (after 
Zacharias); B, single individual, and C cyst (after Iwanoff, x 1000). D, 
Cycloneads annularis Stokes (after Stokes, x 750). E, Hyalobryon mucicola 
(Lemm.) Pascher (after Smith, x 1000). F, Dinobryon utriculus Stein, 
disorganising envelope (after Pascher). G, Ilyalobryon mucicola (Lemm.) 
Pascher (after Bachmann, x700). 

Cyclonexis Stokes, 1886^. Colonies composed of 10-20 narrow 
wedge-shaped cells with a pointed anterior end, arranged in 
one plane and closely connected to form a circular group 
surrounding a small central space; young colonies somewhat 
funnel-shaped. Chromats. two, lateral; no eye-spot; two anterior 
contr. vacs. Reprod. and cysts unknown. 

C. annularis Stokes (fig. 136, D) is a very rare form, recorded by 
G. S. West from Lapworth, Warwickshire (Grove, 1920, p. 2); cells 
11-14 1.; one cilium as long, the other half as long as the cell. 

^ Stokes, Proc. Amer. Phil. Soc. xxiii, 1886, p. 564, and Journ. Trenton 
Nat. Hist. Soc. 1888, p. 117. 
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Stylopyxis Balachonzeff, 1909^. Epiphytic, non-colonial, 
cells obovoid, seated at the base of a delicate stalked envelope 
with a wide aperture, the stalk as long as the envelope. Chromats. 
two, lateral; contr. vacs, two, apical. Reprod. by transv. div., 
the one daughter-individual escaping as an Ochromonas-\\]^e 
swarnier. Cysts unknown. 

Bachnmnn (1907, p. 82) has recorded a form found epiphytic on 
Coelosphaerium Naegelianum in Loch Loehy, Scotland, under the 
name Stylochrysalis atirea (Chod.) Baehm., regarding it as synonymous 
with Stylococcns mirea Chod.; the identity of the two organisms is 
however very questionable. Baehmann's form, as figured by him, 
displays far more resemblance to the genus Stylopyxis than to 
Stylochrysalis, except in the cilial characters; bis fig. 20 (loc. cit. 
p. 80), however, shows some inequality in the cilia, and the writer is 
of opinion that it would best be regarded as a sp. of the former genus 
(S. Bachrnaimi Fritsch- (fig. 184, E, F)). 

Dinohryon Ehrenbcrg, 1883^. Solitary or forming dendroid 
colonies, the solitary forms in part epiphytic, the others freely 
motile; cells enclosed in a wide campanulate or cylindrical, 
smooth or undulate cellulose envelope, which is attenuated at 
the base into a straight or obliquely disposed point, has an 
aperture transverse or oblique to the longit. axis, and is hyaline 
or sometimes coloured yellow or brown by oxide of iron. Cells 
delicate, elongate, oval or pyriform, metabolic, drawn out at 
the lower end into a short contractile stalk which is attached a 
little to one side of the base of the envelope, while the hyaline 
apex of the protoplast is hollowed out to form a kind of mouth 
through which solid particles can be ingested; chromats. one 
or two, parietal, yellow-brown; eye-spot usually distinct; contr. 
vacs, in various positions, usually central or basal; large glisten- 
ing lumps of leucosin frequent at the posterior end. Multipl. 
by longit. div., one daughter-individual in the solitary types 
escaping as an OchromonasAike s warmer and subsequently 
forming a new envelope; in the colonial types one or both 
daughter-individuals effect a lodgement at the inner edge of the 
rim of the parent-envelope and there secrete a similar envelope 
whose mode of formation is described on p. 319. The cells may 
also occasionally escape as swarmers without previous division. 
Cysts frequent, spherical, silicified, with a short projecting 

^ Pascher, 1913, p. 62. 

- cf. also Pascher, 1913, p. 63. 

3 Klebs, loc. cit. 1892, p. 413; Lemmermann. Ber. Deutsch. Bot. Ges. 
XVIII, 1900, p. 500; Brunnthaler, Verb. Zool.-Bot. Ges. Wien, li, 1901, 
p. 293; Lemmermann, 1910, p. 452; Pascher, 1913, p. 63; Petersen, loc. cit. 
p. 353. 
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process (fig. 187, B, C), either lodged within the envelope or 
within a special spherical membrane connected with, and just 
outside, the aperture of the envelope. 

Apart from B. calyciforme Bachmann (1907, p. 82), which is a little 
known epiphyte found once on the mucilage-envelope of Coelo- 
sphaerium Naegelianum in Loch Earn, Scotland, and the free-floating 
D. crenulatum W. & G. S. West (1909, p. 325), only colonial types 
have so far been recorded in this country. They are very abundant 
in the freshwater plankton, but specific determination is usually 
a matter of considerable difficulty as there are manifold transitions 



Fig. 137. A, Dinobryon cylindricum Imhof var. divergens (Imhot) Leinm. ; two 
individuals from Eldwick, W. Yorks (x730). B, encysted condition of 
same. C, D, Sertularia Eiirenb., colony with individuals encysted, from 
Cornwall ( x 410). c, cysts. 

between the different forms and no two authorities are agreed on 
their classification. In several of the species involved it is known 
moreover that the colonies are shorter and more compact and the 
envelopes less elongate in spring than in summer. The few remarks 
that can be made here about the more frequent of the six or seven 
Brit. sp. are inadequate to characterise them, and no one should 
attempt determination of these forms without reference to one of the 
standard works. The most widely distributed sp. is B. diver gens Imhof 
(fig. 137, A, B), which by many is regarded as a variety of the less 
abundant B.ct/Kndncwm Imhof ; in the former the colonies are spread- 
ing and loosely branched and the base of the envelope is obliquely 
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Neither of the two Brit. sp. is properly known and they are possibly 
not closely allied. C. paludosa (W. G. S. West) Pascher {Phaeococcus^ 
paludosus W. & G. S. West, 1908, p. 34) (fig. 138) is a rare form in 
moorland pools; cells 6-11 br.; colonies up to 100 br. C. planctonica 
(W. & G. S. West) {Phaeococcus planctonicus W. & G. S. West^, 1905, 
p. 496) has been found in the Scotch and Irish plankton ; cells globose, 
7-2-9-6 br. 



Fig, 188. Chrysocapsa palu- 
dosa (W. & G. S. West) 
Pascher, from Eldwick, W. 
Yorks (x 410). 2 , zoospores. 



Fig. 1 89 . Phaeosphaera gelatU 
nosa W. & G. S. West. A, 
portion of colony (x50). B 
and C, cells showing the single 
chroma tophore ( x 410). From 
Tremethick Moor, Cornwall. 


Phaeosphaera W. & G. S. West, 1903^. Colonies of large, 
exactly spherical cells with a thin membrane, embedded in small 
groups in an extensive gelatinous cylinder which is sparsely 
branched. Chromat. one, parietal, with somewhat irregular 
margins. Cell-div. in three directions. Reprod. unknown. 

1 Phaeococcus is a genus of Cryptophyceae not yet found in this country 
(cf. p. 389). 

2 Pascher (loc. cit. 1925, p. 545) places this species, which is wrongly 
ascribed to G. M. Smith, in a separate genus of Chrysosphaerales, but this 
hardly seems warranted in the present state of our knowledge. Chrysocapsa 
plankionica Pascher (1918, p. 86), which is not the same as West’s species, 
should be renamed C. Pascheri. 

® West and West, 1903, p. 84. 
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P. gelatinosa W. & G. S. West (fig. 139) is known only from Sphag- 
num-hogs in Cornwall ; cells 14f-17*5 br. ; investment 80-200 br. 

Family 2. HYDRURACEAE 

This includes only the unique genus 

Hydrurus Agardh, 1824^. Colonies appearing as richly 
branched feathery brown tufts (fig. 140, A), 
attached to stones and rocks in mountain 
streams and composed of tough, almost 
cartilaginous, cylindrical mucilage-strands 
in which are embedded numerous naked 
cells, at first spherical and later ellip- 
soidal or pear-shaped. Cells in each strand 
show a dense peripheral and looser central 
aggregation (fig. 133, A); a single curved 
chromat, containing a pyrenoid-like body 
occupies the anterior, often pointed and 
upwardly directed end, whilst the broad- 
ened, downwardly directed posterior end 
of the cell harbours the contr. vacs. (5-6) 
and leucosin. Each branch grows apically, Fij^. 140. Hydmms 
the terminal cell undergoing repeated Kirchn. 

longit. div., one half reconstituting the (after Lagerheim). 
‘‘apical cell,” the other contributing to 

the lengthening of the branch; new branches arise mainly in 
acropetal succession. The mucilage seems to be secreted largely 
by the posterior end of the cell. Reprod. by swarmers whose 
formation is confined to the short branches and ensues after 
longit. div. of series of cells; swarmers 1-ciliate, tetrahedral, the 
front end drawn out into three slightly amoeboid processes, 
the back end pointed and harbouring the chromat. (fig. 
140, B). The swarmers become attached by their front end and 
immediately secrete a mucilage-cylinder in which longit. div. 
of the protoplast commences ; certain of the peripheral cells take 
on the functions of apical cells and produce branches. Cyst- 
formation during the summer months in certain cells which are 
carried out in mucilage-strands beyond the general surface 
(fig. 138, B); within each cell a silicified membrane, with the 
customary pore and plug, is secreted; mature cysts biconvex, 
with a broa<J delicate wing extending round half the periphery. 
Palmella-stsiges also observed, but imperfectly known. 

This gfenus is highly specialised. In its marked individuality 
and division of labour it ranks as high as, if not higher than, such 

^ Berthold, 1878, p. 176; Lagerheim, Ber. Deutsch. Bot. Ges. vi, 1888, 
p. 78. 
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a form as Draparnaldia (p. 186). In the absence of a cell-wall 
and of sexual reproduction, however, it betrays a lower level 
in the phylogenetic series. 

H.foetidus (Vill.) Kirchn. (fig. 140) is common in the alpine streams 
of Central Europe and in the Arctic regions, when the snows melt in 
spring, but in the llrit. Isles it is of very rare occurrence, being known 
only from Scotland, Yorkshire, and Devonshire. The plants are 
l"30cni. long, of an olive-green colour and sticky, and give off an 
offensive odour when alive. The colony is simple below, but branched 
above, often cut up into fine penicillate divisions and covered with 
small villous projections giving it a plumose appearance. Occasionally 
it is densely encrusted with carbonate of lime. 

GROUP 3. CHRYSOTRICHALES 

Family PHAEOTIIAMNIONACEAK 

The only British representative is the rare genus 

Phaeothaninion Lagerheim, 1884^. Short, branched or un- 
branched filaments, epiphytic on larger Algae by means of a 



Fig. 141. Phaeothaninion confervicolum Lagerh. (after Pascher). A, habit; 
B, two cells from the end of a branch; C, swarmer. B and C arc regarded 
by Pascher as belonging to a distinct species. 

^ Lagerheim, Bih. K. Sv. Vet.-Akad. Handl. ix, 1884, No. 19; Borzi, Atti 
Congr. Bot. Internaz. Genova, 1892, p. 454; Pascher, loc. cit. 1925, p. 198. 
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more or less hemispherical practically colourless basal cell with 
a thick membrane; cells cylindrical with cellulose walls, which 
readily become mucilaginous, and a lobed parietal chromat. 
(several discoid chromats. in a recently described species). Re- 
prod. by liberation of one or two (rarely 4-8) swarmers, with two 
unequal cilia and an eye-spot, through a lateral aperture in the 
wall; these swarmers may (a) germinate directly to form new 
plants or (b) give rise by rounding off and repeated div., accom- 
panied by mucilage-formation, to Palmella-stsiges. The latter 
may also originate from the ordinary plants. The cells of the 
Palmella-stages either produce swarmers or give rise to spherical 
silicified cysts like those of other Chrysophyceae ; in germination 
the cysts form one or two swarmers. The sex. reprod. described 
by Borzi is probably a misinterpretation. 

This genus has been regarded as a member of the Crypto- 
phyceae, but Pascher has recently shown conclusively that it 
belongs to the Chrysophyceae. 

P. confervicolum Lagerh. (fig. 141), the only Brit, sp., has been 
recorded by M’Keever^ from Upper Elf Loch, Midlothian; cells 
3-9 br. 

^ M’Keever, Trans, and Proc. Bot. Soc. Edinburgh, xxiv, 1912, p. 176. 



CLASS IV. BACILLARIALES 
(DIATOMALES) 

The Diatoms are unicellular, sometimes colonial, plants which 
snjoy a very wide distributioti in aH^ H 6f habitats and play 
a vety important role, especially inlthe a^Ulltic vege^^ of the 
world,>'Trhey appear as a sharply circumscribed class of rather 
highly evolved forms which afford few points of vantage either 
for the tracing of their phylogeny or of their affinities with other 
groups of Protophyta. Pascher^ has collected together evidence 
indicating a relationship with Heterokontae and Chrysophyceae 
(cf. p. 350), and this certainly seems more clearly founded than 
the older views relating the Diatoms to Phaeophyceae or Con- 
jugatae, the resemblances in both these cases appearing purely 
superficial. 

The remarkable sculpturing of the silicified cell- walls .renders 
Diatoms objects of great beauty and, as a consequence, they 
have long been made the subject of special study by micro- 
scopists. The walls are composed of a matrix of pectin impreg- 
nated with silica, but the outer, often mucilaginous, portion 
consists of pectin only and can frequently be readily demon- 
strated by slight staining with aniline dyes The silica can be 
removed by the action of hydrofluoric acid, leaving the pectin 
behind; or the latter can be removed by calcination or macera- 
tion, leaving only the siliceous constituent®. Specific determina- 
tion, in the vast majority of cases, is based on the characteristic 
markings, etc. of the silicified membranes. 

The Diatom-cell (often spoken of as a fritstule) has a wall 
composed of two distinct and usually equal halves, the older 
(epitheca) fitting closely over the younger {hypotheca) (fig. 142, 
B, C). Sach half consists of (a) a thin, commonly somewhat con- 
vex valve the edges of which are slightly incurved and attached 
to {b) 2 L connecting-band (fig. 142, C, c5, c5') in the fonh of a 
closed or open hoop with overlapping edges it is the two 
connecting-bands, together fomilng the girdle^ that fit over one 
another. Thus, the individuals of the very common Diatom- 
genus NavictUa (fig. 142, A, B) have the general form of the 
oblong boxes in which preserved dates are usually sold, whilst 
in such a form as Cyclotella (fig. 147, B, C) the frustule may be 

^ Pascher, 1014, p. 145; Pascher, 1921. 

* Mangin, Compt. Rend, cxlvi, 1908, p. 770, and Ann. Sci. Nat., Bot., 

s6r. 9, VIII, 1908, p. 177. ® cf. p. 16. 

* Palmer and Keeley, Proc. Acad. Nat. Sci. Philadelphia, 1900, p. 465. 




336 CLASS IV. BACILLARIALES (DIATOMALES) 

likened to a circular pill-box; in either case the bottom and ton 
of t he box correspond to the two /Qk— 
valves, the sides to the two over- ” 

lapping connecting-bands. It / ^ 1’^***^ 

will be apparent therefore that P^IS tvi ^ M : 

the Diatom-cell may be regarded ' 

from two aspects, that in which ^ I 1 

one or other valve is seen (valve- ^ 1 i m 

view (fig. 142, A; 147, B)) and I-' 

that in which the girdle is ex- j 1 i ji 

posed to view (girdle-view (fig. gS 1 jl 

142, B ; 147, C)); whilst the latter^ P IB 

is very commonly rectangular in 1 f 1 

outline, the valve- view varies |h I 1 

very much in shape in the BR||h kI 

different genera and species. M r f fill »! ''Ifl 

In a large number of fresh- 1 

water Diatoms the valves are i* 

elongated and, with reference to ' »i|'« 

their median (so-called sagittal) 

axis either show isobilateral (e.g. A B 

Navicula (fig. 142, A); Synedra i* 

(fig. 152, A)) or zygomorphic 
(e.g. Gomphonema (fig. IpO, A)) 

symmetry, or are altogether f >/ \ 

asymmetric (dorsiventral, e.g. 

Cymbella (fig. 143, E; 162, A)). 

All such elongate Diatoms are 

classed as Pennatae, in contrast ,1 

to the Centricae which have 

radially symmetrical valves m JtL \ M 

(e.g. Cyclotella (fig. 147, B)). 

The centric Diatoms are far 
more abundant in the sea than - 

in freshwater, and the marine A,valve-v^wofiVaui^Zan^ 

forms, moreover, attain a much Van Heurck, from Dolgelly, Wales 
larger size than the freshwater <x 250). B, girdle- view of N. major 

ones. In recent years doubts from Shipley, W. Yorks 

r - 1 1 . (xdoo). C, Transverse section of 

have been expressed as to frustule of Navicula (from Van 
whether centric and pennate Heurck, after W. Prinz, very highly 
Diatoms are as closely related c, costa; c6 and c!)', the 
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Diatom-frustule, a brief consideration of some of its more out- 
standing features will help towards an initial comprehension 
of the group, ^n nearly aII xBases the va lves are ornamented 
with striae which in th^ cent ric Diatoms are radially disposed 
(fig. 147, D) anduTtKe pennate types are arranged in two series, 
one on either side of the valve (fig^. 142, A; 156). In forms like 
S ynedra (fig . 152, A) and Fragilaria (fig. 152, C) the two systems 
oTiytriae'^^sepafal^ef^ narrow linear smooth area {axial area) 
occupy ng the sagittal axis. This smooth area is often spoken of 
as a pseudo-raphe, since it simulates the true raphe found in 


o. 



Fig. 143. A, Navictda (Pinnularia) viridis Kiitz., transverse section of 
frustule (after Lauterborn) ; the inner (?) and outer (o) fissures of the raphe 
are shown, the protoplasm is dotted, and the two chromatophores shown 
dark. B, Epithemia Argus Kiitz. var. alpestris Rabenh., septum from one of 
the intercalary bands (after Miiller). C, Synedra splendens Kiitz., apex of 
valve with pore (xl650, after Muller). D, Tabellaria fenestraia (Lyngb.) 
Kiitz., centml part of valve with pore ( x 1650, after Miiller). E, valve, and 
F, section or frustule of Cymbella (after Miiller). G, section of frustule, and 
H, valve of Amphora ovalis Kiitz. (after Muller), r, raphe. 

this position in Navicula (fig. 142, A, r)^ Gomphonema (fig. 160, A), 
etc. In these genera the smooth axial area is usually wider and 
shows a central (fig. 142, A, cn) and two polar (pn) nodules 
which are internal thickenings of the wall (cf. fig. 142, C); 
be^eeu the central and each polar nodule there extends a 
well -marked line ^ctually a ^it in the valve, and this constitutes 
the tjiie raph^ which will be de^t with more fully below. In 
Stauroneis (fig. 156, E) the central nodule extends as a stauros^ 
over the whole width of the valve, whilst in Amphipleura 
(fig. 157, C) it is greatly elongated. In Achnanthes and Cocconeis 

^ The striations are not developed over the region of the stauros. 


22 
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one valve possesses only a pseudo-raphe (fig. 155, B and D), the 
other a true raphe with both central and polar nodules (fig. 155, 
A and E). 

[ In all the genera just mentioned the valves are symmetrical 
about the median line, but in a number of others they are 
dorsiventral. Thus in (figs. 143> E; 162, A) and Am- 

phora (figs. 148, H; 162, B) the valves, as well as the raphe, are 
more or less curved and thS 'raph^ tends to lie nearer tO"the 
ventral (plane or concave) than the dorsal (convex) sideT 
both genera too the connecting-bands are more strongly developed 
on the dorsal than on the ventral surface, so that the valves afe 
slightly tilted and one girdle- view is broader than the othei^fig; 
r43, F). In Amphora, moreover, the valves are no longer plane, 
but shaped like a gable in transverse section (i.e. crested (fig. 
143, G)), and these features are responsible for the fact that 
individuals of this genus nearly always present their girdle- view 
to the observer (fig. 162, C). In Rhopalodia much the same thing 
obtains, but the raphe is lodged in the crest of the gable (fig. 
161, G) and not along one of its sloping sides as in Amphora, so 
that in the girdle- view the raphe is seen immediately adjacent 
to the dorsal edge of the valve 

Dorsiventral types are encountered also among the Diatoms 
provided only with a pseudo-raphe, and in this case the latter 
may be situated in the middle of the valve {Ceratoneis (fig. 154, D)) 
or along the ventral surface {Eunotia (fig. 154, A, B)). In Cera- 
toneis central and polar nodules are present, but in Eunotia 
only the latter are found and are usually obvious both in the 
valve- and the rectangular girdle- views (fig. 154, C). 

A somewhat different type of valve-structure is seen in the 
Nitzschioideae^. Here the valves are possessed of a slightly 
projecting keeFwWch runs 

with evenly spaced (circular or rod-shaped) carinal dote (cf. 
IRglTtfS); find contains a true raphe in the form of*a loMitudinal 
canal without central Of polar nodules. InBa^atlJhin 1) 

the keel is median^ whilst in Nitzschia (fig. 164, A, B, F-H) and 
HTmtocW2r(ligrT6^^ towards one side of the 

valve. In Nitzschia the keels of the two valves are placed 
diagonally so that the two sets of carinal dote do not lie on the 
same girdle-face, wlulst in the keels occupy adjacent 

angles and botKJ^a on the saii^^^^ ; in t&^e two 

genera, moreover, the section of the frustule is not square as in 
Navicuia, but rhombic (fig. 164, D). 

^ cf. especially Mailer, Ber. Deutsch. Bot. Ges. xin, 1896, p. 222 et seq., 
and Engler Bot. Jahrb. xxii, 1895, p. 54. 

2 Pfitzer, Hanstein’s Bot. Abhandl., Heft 2, 1871, p. 95. 
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In the complex genus Surirella , lastly, the valve - view, which 
s Co mmo nly elliptic or oval (tig. 166, A), shows a promiriient 
nedian pseudo-raphe with a system of strong rihs bn either side. 
The ^o margins of each valve are winged (fig. 144, C), and the 
mtire Teri^^^tthe somewhat dilated outer edge of each wtn^ 
Fbccu^d by a narrbw“slit-like canal (raphe) comrhuhlcatTn^ 
^ritftTKe each ^^^ve^ therefore possesses tVe 

•aphes, but there are no nodules. The wings, as is usuallv 
plainly seen in the (often rhombic) girdle-view, contain a system 
)f rather narrow transverse canals through which the proto- 
plasm of the cell communicates with that in the raphe, these 
canals being separated from one another by broad intervening 
itrips of membrane (fig. 144, D). The brief account that has just 
peen given by no means exhausts the diversity of outward form, 
is the subsequent consideration of the genera will show. 

The simple structure of the frustule described at the outset 
s complicated in many Diatoms by the interposition of inter- 
calary bands^ between the valves and their connecting-bands, 
vhich in such cases are the last parts of the wall to be formed. 
These intercalary bands are usually well seen in the girdle- view, 
;.g. in , .Tahdlnrig^i^g* 149^ F). The figure also shows short 
longitudinal) fiFTsing from these intercalary bands (2-12 

n number) parallel to the valves and extending from the poles 
nto the interior of the cell, so as to divide it up into a number 
pf compartments ; the septa do not however reach to the centre 
pf the frustule (cf. also fig. 149, E, G) and successive septa arise 
Prom alternate ends of the latter. In some species of Epithemia 
the single intercalary band in each half of the frustule bears a 
longitudinal septum, extending right across the latter parallel 
to the valves and perforated by a series of rounded apertures 
[fig. 143, B) which lead into chambers between the septum 
and the valve; these chambers are cut off from one another by 
a system of further (transverse) septa placed at right angles to 
the valve, which appear as prominent ribs in the valve-view 
(fig. 168, B) and are also seen in the girdle-view (fig. 168, C). 
Similar transverse septa are developed in Denticula (fig. 150, 
C, D). The elongate-cylindrical frustules of Rhiiosolenia (fig. 
148, A, D) have asymmetrical valves each furnished with a long 
seta, while the long intervening girdle is composed of numerous 
scale-like intercalary bands which are more or less imbricate. 
In all cases the connection between the valves and the connecting- 
bands, as well as between them and the intercalary bands when 
present, is a firm one and there are often flanges which serve to 
strengthen the junction. 

^ O. Muller, Ber. Deutsch. Bot. Ges. iv, 1886, p. 806. 
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The striae, which are such a customary feature^ of the valves 
of Diatoms, are, with the best lenses, in the majority of forms 
found to consist of linear series of small dots {punctae (cf. fig. 
161, C, D)) due to cavities (areolae) situated within more or less 
pronounced ridges of the wall which project cither towards the 
inside or the outside. It is the close and regular arrangement of 
the punctae that causes them to appear as striae. They are so 
extremely fine and constant in arrangement in some species 
(e.g. Amphipleura pellucida) as to furnish splendid test-objects 
for the definition and angular aperture of microscope-lenses. 
All gradations exist from very fine striae to conspicuous ribs 
or costae (fig. 162, A), but these latter are not always composed 
of series of punctae. In the large Naviculas of the section 
Pinnularia they represent transversely distended chambers 
within the inner part of the wall (cf. fig. 143, A), communicating 
with the cell-cavity by oval foramina, whose edges appear as a 
pair of fine longitudinal lines running over the system of trans- 
verse costae® (cf. fig. 144, A). In the centric Diatoms some of the 
larger cavities (areolations) may be widely open, either to the 
exterior or the interior, but this is probably not the case in the 
majority of pennate forms. A notable exception, apart from the 
Pinnularias just mentioned, is formed by the species of Epi- 
themia where rows of circular cavities, appearing as punctae and 
open towards the interior of the cell, occur between the ribs on 
the valves. The thin ^portions of the wall that separate the 
cavities from the interior or exterior, as the case may be, are in 
many Diatoms traversed by very fine canals (pores), which are 
only to be detected under the highest magnifications ; such pores 
are altogether lacking however in Pinnularia, Large obvious pores 
are often found at points where local secretion of mucilage occurs 
(cf. p. 344). Mfiller recommends treatment with hot sodium 
carbonate and potash in studying the structure of the valves^. 

The cytoplasm^ usually forms a thin lining layer which often 
extend^ into all the cavities within the wall (figs. 148, A; 144, C). 
The vacuole is bridged by a conspicuous transverse strand 
occupied by the rounded or oval nucleus (hgs. 144, C; 157, E, F). 
A very weak solution of methylene blue will bring out the 
nucleus in living Diatoms, staining it clearly before the rest of 

\ In a few species of JSavicula (e.g. iV. perlepida Grun.) the very thin wall 
is apparently structureless. 

® Transverse costae of another kind are seen on the valves of many forms 
provided with transverse septa (e.g. Denticula, Diaiomay Meridion, etc.). 

^ cf. especially Muller, Ber. Deutsch. Bot. Ges. xvi, 1898, p. 886; xvii, 
1899, p. 428; xviii, 1900, p. 480; xix, 1901, p. 195. 

^ cf. Lauterborn, Unters. iib. Bau, Kernteilung, u. Bewegung d. Dia- 
tomeen, Leipzig,. 1896, p. 17; Pfitzer, loc. cit. 
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the protoplasm. In Surirella a slight hollow on one side of the 
nucleus is occupied by a centrosome which is recognisable in 
the living cell ; a similar body has been found in some Pinnularias, 
One (e.g. Cymbella, Surirella) or many chromatophores^ may 
be'present in the cells ; they may be small and discoid, (especially 
in centric types (fig. 146, E)), large and plate-like (fig. 157, D, E), 
band-sHaped, or extensive lobed structures occupying, a large 
part of the lining cytoplasm (e.g. Cyrnhella). The extremely 
irregular chromatophores of some species are perforated at 
various points. Where septa are present within the frustules, 
lobes of the chromatophores usually extend into the chambers 
produced by them. The chromatophores are yellow- or golden- 
brown in colour, or very rarely green^ (e.g. some forms of Navi- 
cula viridis and N. cuspidata). They contain the usual pigments, 
but these are masked by the presence of a brown pigment, 
didiomin^ soluble in water and very similar to, or perhaps iden- 
tical with, the fucoxanthin of the Phaeophyceae; this accessory 
pigment still awaits a full investigation^. 

The chromatophores of Diatoms generally contain naked 
pyfenoids (absent in most Naviculas^ but not in Pimmlaria), 
which often project from the internal face of the plastid as 
roulTd€d“~eterations and are Variable botir in number and 
arrangement. Mereschkowsky'^ records pyrenoids which had 
plcrtially or entirely separated from the chromatophores, 
appearing as free colourless bodies on their inner surface. It 
may be doubted whether the pyrenoids of Diatoms are directly 
comparable with those of Isokontae. 

The products of photosynthesis would appear in the main to 
accumulate as drops of fatty oil which are usually conspicuous 
in the cells under favourable conditions of nutrition. Side by 
side with them other globules occur which have been identified 
as volutin by A. Meyer^. They are faintly bluish and doubly 
refractive, do not stain with osmic acid, and are insoluble in 
alcohol and ether; in living cells treated with methylene blue 
they take on a deep reddish-violet tint. The nucleus is often 
surrounded by small rods grouped in pairs, the nature and 
function of which are unknown. 

^ cf. especially Mereschkowsky, Script. Bot. Hort., Petropol. xxi, 1903, 
p. 107; Heinzerling, Bibl. Bot., Heft 69, 1908, p. 10. 

^ Some species of Nitzschia (e.g. N. putrida Benecke, Jahrb. Wiss. Bot. 
XXXV, 1900, p. 535; Richter, Denkschr. Akad. Wien, Mat.-nat. Kl. lxxxiv, 
1909, p. 657) are colourless saprophytes. Karsten (Flora, lxxxix, 1901, 
p. 414) found that N. pcdea, when cultivated in glycerine or grape sugar, 
lived as a saprophyte and exhibited extreme reduction of the chromatophores. 

3 cf. however Molisch, Mikrochemie, 1928, p. 257. 

* Flora, xcii, 1903, p. 77. ^ ^ Bot. Zeit. lxii, 1904, p. 139. 
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Many free unattached members of the Pennatae exhibit 
spontaneous movements the mechanism of which, in spite of 
much research, cannot yet be said to be fully clear. This power 
of locomotion is specially marked in the naviculoid fotms, some 
of which execute very slow movements (e.g. Amphipleura)^ 



Fig. 144. A-B, Navicula {Pinnularia) viridis Kiitz.; A, valve-, and B, 
girdle- view; the dots indicate threads of mucilage with adhering sepia 
particles, the arrows showing the direction of movement of the latter (after 
Lauterbom, from Oltmanns). C-D, SuriT^Ua Capronii Br6b. var. calcarata 
(Pfltzer) Hustedt; C, transverse section of frustule, and D, longitudinal 
section of one of the four winp ; r, raphe-canal ; c, transverse canal communi- 
cating with raphe and occupied by protoplasm continuous with that in the 
firustme (after Lauterbom, from Oltmanns). E-F, Navicula viridis (after 
Miiller); E, longitudinal section of central nodule, showing the canals 
joining the outer (o) and inner (i) fissures, and the connection between the 
latter; F, terminal nodule showing the ends of the two fissures. 


whilst others progress with considerable rapidity backwards 
and forwards in the direction of their longitudinal axis. The 
motion is occasionally creeping and steady, more frequently 
jerky, and sometimes, but not necessarily, takes place along 
some kind of substratum with which the Diatom is in contact. 
Some Naviculas perform pendulum-like movements about one 
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fixed end (cf. Closteriurn), The individuals of Surirella exhibit 
a peculiar rolling and turning motion. 

It is a significant fact that movement occurs only in those 
forms which possess a true raphe, i.e. a slit-like canal extending 
through the length of the valve C In Surirella, Rhopalodia, and 
the Nitzschioideae the raphe is a simple canal as described above 
(p. 338); it contains protoplasm which is connected with that 
in the interior of the cell and also with the external medium^. 
In the Naviculoideae, however, the raphe, which in the valve- 
yiew appears as two separate slightly curved lines (IJgs. 142, A; 
144, A), is far more complex^. In Navicula itself a transverse 
section of the valve (fig. 143, A) shows the raphe as a V-shaped 
cleft, open both towards the outside and inside, but often 
closed at the apex of the V; there* are thus really two separate 
superposed fissures (outer and inner) extending from the central 
nodule to each polar nodule. At the central nodule (fig. 144, E) 
the two overlying fissures (o and i) approaching from each end 
are connected by a loop, whilst the inner fissures are placed in 
communication by a fine horizontal canal extending through 
the inner part of the central nodule. Within the hollow polar 
nodules the outer fissures terminate as curved slit^^rfihninal 
fissures^{hg, 144, -A and F)) which usually, though not always, 
curve in the same dirpdtion at the two -ends of a valve, l^pt are 
invariably curved in opposite directions in the two valves of 
a frustule. The inner fissure (fig. 144, F) enlarges into a funnel- 
shaped structure within the polar nodule, and cytoplasm can 
pass from it into the terminal fissure and so into the outer 
fissure of the raphe. 

It has been made highly probable that the raphe is in all 
©ises . occupied by streaming cytoplasm, which comes into 
direct contact with the external medium and constitutes the 
mechanism by which movement is brought about. In the 
Naviculoideae the cytoplasmic currents are in the same direction 
in the two parts of the raphe, viz. from terminal fissure to central 
nodule and again from central nodule to the other terminal 
fissure^hilst in the inner fissures the current is in the opposite 
sense. yThe existence of these currents has been demonstrated 
by placing cells in water containing sepia or suspended carmine. 

^ This structure exhibits a very varied differentiation and probably 
originated separately in different lines of evolution within the class. An 
abortion of the raphe on one valve in Cocconeis and Achnanthes is probable, 
but it is unlikely that the pseudo -raphe in all cases marks the former presence 
of a true raphe. 

* cf. especially Miiller, Ber. Deutsch. Bot. Ges. xiv, 1896, p. 54; xxvii, 
1909, p. 27. 

* Miiller, Ber. Deutsch. Bot. Ges. vii, 1889, p. 169; xiv, 1896, p. 111. 
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Tn either case the particles are found to glide Jrom the anterior 
in the sense of the movement) polar nodule towards the central 
me where they exhibit a slight accumulation, to be subsequently 
projected backwards and outwards as a fine thread forming an 
ELCute angle with the valve (fig. 144, A, B)^. Frustules in motion 
are surrounded by a zone of soft mucilage which narrows to a 
point at the two ends of the individual, as well as at the central 
iiodules. The thread just mentioned is regarded by Muller as 
due to agglutination of the sepia-particles by the mucilage, 
whilst Lauterborii interprets it as a special thread of denser 
mucilage to the excretion of which he would ascribe the actual 
cause of movement^. The very rapid movements of some Diatoms 
would however necessitate an excretion of ^ at a rate 

and in such quantity as seems unbelievable. In view of 'the 
di\ ersity of raphe-structure, it is not unlikely that the mechanism 
^f mo\ ement may vary, but the balance of evidence seems in 
favour of cytoplasmic currents being a determining cause. In 
any case the older views attributing the movement to the passage 
3f osmotic currents through the wall (Naegeli, Mcreschkowsky) or 
to the protrusion of cilia or of a pseudopodium through the raphe 
[Ehrenberg, Cox, Biitschli) may now probably be dismissed. 

In the numerous colonial freshwater Diatoms the frustules are 
connected by mucilage the secretion of which often Jakes place 
through readily recognisable pores (fig. 143, C and D). In the long 
filaments of Melosira (fig. 146, C), Fragilaria (fig. 152, D), etc. 
the frustules are joined by the faces of their valves, but in other 
cases they are united by mucilage-cushions at the corners, 
forming zig-zag colonies (e.g. Tahellaria (fig. 149, F)) or charac- 
teristic stellate groups {Asterionella (fig. 153)). In Gonvphonema 
the frustules are attached by their narrower ends to a branched 
system of hyaline mucilage-stalks, epiphytic on various sub- 
strata, commonly the larger filamentous Algae. Some species 
of Navicula {Frustulia) and Cymbella {Encyonerna) hdiYe large 
numbers of individuals enclosed in a comjnon tubular mucilage- 
envelope which is sometimes branchedU T»ut this condition is 
more frequent in marine than in freshwater forms, -A unique 
colonial type is the planktonic Bacillaria paradoxa, where the 
individuals of the ribbon-like colonies exhibit a peculiar gliding 
movement over one another. 

^ cf. especially Lauterborn, loc. cit. p. 115; Muller, Ber, Deutsch. Bot. 
Ges. XI, 1893, p. 571. 

2 With reference to this difference of opinion, see Lauterborn, Ber. 
Deutsch. Bot. Ges. xii, 1894, p. 73; Muller, ibid. p. 136, and xv, 1897, p. 70. 
[Ither recent literature dealing with Diatom-movements includes: Palmer, 
Proc. Delaware County Inst. Sci. v, 1910, p. 146 (see Bot. Centrajbl. 
Lxvii, 1911, p. 222). 
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been felt as to the close relationship of the two series of Diatoms 
would receive substantial confirmation. The microspores observed 
in Pennatae are no doubt not homologolis with those of the 
Centricae. 

Diatoms are universally distributed in fresh and salt water, 
as well as in. ^ situations (inch the soil itself, 

cf. Bristol, 1920). They often form a yellowish-brown scum at 
the surface^ or a sediment at the bottom of the water, or thickly 
clothe larger Algae and other aquatic plants; characteristic 
epiphytes are Coticoneis, Epithemia, Achnanthes, species of 
Synedra, and Gomphonema, They also play a great role as 
Plankton-organisms^ and in the ocean are more abundant than 
any other pelagic plants. They are most numerous in cold 
latitudes, having a decided preference for cold water^ although 
some have become adapted to life in hot springs. Mountainous 
regions generally have a rich Diatom-flora.- They usually exhibit 
a marked periodicity* which PearsalP has shown often to be 
related to the occurrence of flood conditions whereby the 
nitrate and silica content of the water is increased. 

Dia^ms form a considerable part of the food of many fresh- 
water ^hdTnaniie animidslthff^a^^^ found in quantity in 

the arimenfary tracts of Molluscs, Crustacea, Tunicates, and 
toshes. They also occur in abundance in guano, having passed 
through the digestive systems of birds feeding on marine animals. 
Some of the freshwater species (especially Asterionella) are 
occasionally the cause of foulness in drinking water, owing to the 
escape from the dead frustules of an oil produced within the 
cells^. 

Large numbers of fossil Diatoms are known. Not only are 
these minute plants actively engaged at the present time in 
forming oceanic (especially in the Arctic and Antarctic oceans) 
and lacustrine deposits, but similar Diatonidceous earths'^ 
(Kieselguhr), found principally associjfttgd with rocks of Tertiary 
a ge ^ are a proo^f their actiyities in former eras. Such earths are 
of a white or grey colour, often so soft and friable as to crumble 

^ Whilst in the sea the dominant Plankton-Diatoms are centric, pennate 
forms (e.g. species of Tabellaria, Asterionellay Synedray Fragilariay Surirella) 
are more abundant in freshwater plankton, although some centric forms 
are frequent (e.g. Melosiray CycUHellay Rhizosolenia), 

* Fritsch and Rich, 1909, p. 42; Fritsch and Rich, 1913, p. 55; West and 
West, 1912. 

® Journ. of Ecol. xi, 1923, p. 165. 

* Whipple, Trans. Amer. Micr. Soc. xxii, 1901, p. 35; Moore, Yearbook 
U.S. Depmt. Agric. 1902, p. 182. 

* cf. West, 1911, p. 83; Henderson, Trans. Bot. Soc. Edinburgh, xxix, 
1925, p. 135; West, Journ. of Bot. 1912, p. 79; Fritsch and Rich, Trans. 
Roy. Soc. S. Afr. xii, 1925, p. 277. The last two deal with recent deposits. 
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readily between the fingers, and they are composed almost 
entirely of the siliceous valves of Diatoms. Most of the forms 
present belong to genera, and many of them to species, now 
living. Some of the deposits are of economic importance, being 
used as polishing powders (“Tripoli”), as non-cohductihg 
materials, in the manufacture of dentifrices, as absorb^ts for 
nitro-glycerine in the manufacture of dynamite, etc. Although 
many species usually occur in such earths, one is mostly pre- 
dominant. The best-known deposits in the Britj^iLJsl8.»ds 
those at Dblgelly in Wales and at Toome Bridge in Antrim, 
li^^lar^dr That at Bilin m Bohemia, wTiich'^averajges l4 ft. in 
thickness, was estimated by Ehrenberg to contain some 

40.000. 000 frustules in every cubic inch^. That at Rich- 
mond, Virginia, U.S.A., is very extensive and reaches a 
thickness of 30 ft., whilst on some of the geological surveys in 
the western states of America beds have been discovered 
no less than 300 ft. thick and containing on an average 80 per 
cent, of silica. 

The earliest appearance of fossil Diatoms seems to be in the 
Trias (Kusnetzk in Hungary). Castracane recorded the occur- 
rence of certain species in coal from the English Carboniferous 
beds, a statement that has never been confirmed and is doubtless 
incorrect^. 

The affinities of Diatoms are obscure. There are undoubted 
resemblances to the Desmidiaceae, but they are purely super- 
ficial, as is very apparent on closer consideration. On the other 
hand, Bacillariales resemble Heterokontae and ChrysdpHyceae 
in a preponderance of yellow or brown pigmientain tfig chromato- 
phores, in the absence of starch, in the usual occurrence of oil 
as an assimilatory product, and in certain features of the cell- 
membranes. Pascher^ has drawn attention to the resemblance 
between the cell- wall structure of Diatoms possessed of numerous 
intercalary bands (e.g. Rhabdonema) and that of an Ophiocytium 
or Tribonema (cfT p. ■298)"or the envelope of various Cfirysophy- 
ceae {Dinobryon, etc., p. 818). The cysts of Heterokontae and 
Chrysophyceae resemble the ordinary Diatom-individual in 
their silicification and the bipartite character of their membranes ; 
moreover the endogenous cysts of the marine plankton Diatonfi" 
Chaetoceras show many points of structural similarity with those 
of various Chrysomonadales. Iff ^^warmers occur in Dicdoms 

^ Brandt (Wiss. Meeresunters., Abt. Kiel, in, 1898, p. 78) states that 

675.000. 000 of the dried frustules of Diatoms (mostly Chaetoceras) weigh 
one gramme. 

2 cf. Seward, Fossil Plants, i, 1808, p. 154. 

® Pascher, 1921, p. 286. 
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thqre is a further point of contact. Pasdier considers the 
fC^emWandes siifficiently to warrant the assurnption 

of a common origin. He suggests the establishment of a group 
Chrysbphyta to include Heterokontae, Chrysophyceae, and 
Bacillariales, the latter being supposed to occupy much the same 
position in this group as do the Conjugatae among the green 
Algae (Pascher’s Chlorophyta). His point of view is certainly 

stimulating one. 

The classification of Diatoms is^lfounded solely on the charac- 
ters of the cell-wall. This ^ppli^ not only to the larger groups, 
hut also to the genera afid ^ven to species. It appears certain 
that the features presented by the cell-contents can never afford 
a basis for the distinction of families or genera, but the characters 
of the chromatophores^ may Well help in generic diagnosis and 
rnay in some cases b£ of considerable specific importance. JVIuch 
reliance in specific^stihctToii is placed oh the number and exact 
arrangement of the &tnae'^(WhHhef pafafieb^^^^^^ or com 

vergent at certain points on the valyes) and, whilst this is un- 
doubtedly veryi, constant within certain limits, there has been 
a tendency in certain quarters to drive it to an extreme. It is 
well to remember that Heribaud^ has shown that increased 
altitude and enfeebled light cause a diminution in the number 
and strength of the striae, accompanied by an increase in the 
length and breadth of the valves. 

In the earlier edition of this work the classification of Diatoms 
proposed by Schiitt^ was adopted with a few slight modifications. 
Later G. S.- West (1916 a, p. 123) suggested a classification 
founded partly on that of Schiitt and partly on one put forward 
by Forti^. The latter is essentially based on the non-occurrence 
or occurrence of movement and the formation of auxospores 
without or with conjugation (Immobiles and Mobiles respec- 
tively). The present writer has, however, been reluctant to 
depart from the arrangement formerly adopted, which is con- 
sidered more probably to represent a natural system. This 
classification® is as follows: 

^ Various classifications, based upon the disposition and mode of division 
of the chromatophores, are impracticable, alone because so many genera 
and species are unknown in the living state; cf. for instance Pfitzer, 
Hanstein's Bot. Abh., Heft 2, 1871, p. 151; Petit, Bull. Soc. Bot. France, 
XXIII, 1876, p. 872; Ott, Sitz.-Ber. Akad. Wiss. Wien, Mat.-nat. Kl. cix, 
1900, p. 769. 

* Comptes Rendus, cxviii, 1894, p. 82. 

^ Engler-Prantl, Nat. Pflanzenfam., Teil i, Abt. i 5, p. 55. 

* Atti R. 1st. Veneto, lxxi, 1912, p. 677. 

* Various excellent works for the determination of Diatoms exist. The 
student is referred especially to: W. Smith, A synopsis of the British 
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A. Centricae. Valves radially symmetrical about a central point, 
without raphe or pseudo -raphe ; valve-view circular, polygonal, or 
broadly elliptical, rarely boat-shaped or irregular. No movement. 
Auxospores formed without conjugation. 

Series I. Discoideae, Cells shortly cylindrical or disc-shaped ; 
valves circular, hyaline, areolated, or with radiating striations. 

Series II. Solenoideae. Cells elongate, cylindrical or subcylindrical, 
circular or broadly elliptical in cross-section (or in the valve-view); 
girdle complex, with a considerable development of intercalary bands, 
giving the frustules a scaly structure; apices of frustules often 
obliquely conical and furnished with a spine. 

Series III. Biddulphioideae, No British freshwater representatives^. 

Series IV. Ruiilarioideae, No British freshwater representatives. 

B. Bennatae, V alves isobi^ teral, medianly zygomorphic, or le ss 
frequently dorsiventral, never centric ;~varve-view mostly boat- or 
needle-shaped, with a structure arranged in relation to a raphe or 
pseudo-raphe (sagittal axis). Movement in many forms. Auxospores 
formed with or without conjugation. 

Series I. Fragilarioideae. Valves mostly straight, rod-shaped or 
lanceolate, without a raphe, but usually with a pseudo-raphe, or showing 
indications of a rudimentary raphe. 

Series II. Achnanthoideae. Frustules crooked or suddenly bent 
in the girdle-view ; with a raphe and nodules on one valve, a pseudo- 
raphe on the other. 

( Series III. Each valve with a raphe, central and 

polar nodules; valves rarely keeled in the line of the raphe (sagittal 
axis). 

Series IV. Nitzschioideae^. Each valve with a raphe, which is 
situated in a keel with carinal dots. Keels of the two valves situated 
on opposite sides of the frustule or displaced to the same side. No 
nodules. Cells rhombic in transverse section. 

Series V. Surirelloideae, Cells with two raphes, without nodules, in 
the two marginal wings of each valve; sagittal axis of ^ach valve 
occupied by a pseudo-raphe; valves strongly costate. ^ 

Diatomaceae (1858-56); Van Heurck, Synopsis des Diatom^es de Belgique 
(Anvers, 1880-85); Cleve, Synopsis of the Naviculoid Diatoms (K. Sv. 
Vet.-Ak. Handl. xxvi, No. 2, 1894, and xxvii. No. 8, 1895); Meister, 
Kieselalgen der Schweiz (Bern, 1912) ; v. SchOnfeldt, Bacillariales, in Pascher, 
Shsswasserflora Deutschlands, Osterreichs, u. der Schweiz (Jena, 1918); 
Schmidt, Atlas der Diatomaceenkunde (Leipzig, 1874 and onwards). 

^ The interesting Attheya Zachariasi J. Brun (Forschungsber. Biol. 
Stat. PlOn, II, 1894, p. 52), recorded in the plankton of various continental 
freshwaters, has so far not been found in the British Isles. 

2 These two series are not distinguished in Schiitt’s scheme. Forti’s 
Immobiles include all the Centricae and the Fragilarioideae, with the 
exception of the Eunotiaceae. 
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GROUP A. CENTRICAE 

This includes a relatively small proportion of the known species 
of Diatoms and few are inhabitants of freshwater. The cells of 
these are commonly cylindrical, sometimes discoid, and the valves 
are circular and not uncommonly provided with spines. Many 
occur as solitary, free-floating individuals, but others are joined 
by their valve-faces to form filaments. The markings on the 
valves are either concentrically disposed or take the form of 
radiating striae, the latter often terminating in marginal 
punctulations or dots. In all cases the markings are arranged 
in relation to a centre and never in relation to a middle 
line. There is no raphe or pseudo-raphe. There are \isually 
many small parietal chromatophores of a plate-like form, but 
occasionally only two large plates are present. Auxospores are 
known only in a few species. 

The following key will facilitate the determination of the 
British freshwater genera: 

I. Cells shortly cylindrical or discoid, valves circular Discoideae 

A. Cells subspherical or shortly cylindrical, united to form long 

filaments, girdle usually with a fine sculpturing Melosiracecw 
Only genus Melosira 

B. Cells mostly disc-shaped and usually solitary, girdle mostly 

structureless CoscinodisCdce^ae 

a. Marginal portions of valves striate, the centre smooth or 
granulate Cyclotella 

h. Marginal and central portions of valves not sharply delimited 

1. Valves with marginal spines Stephanodiscus 

2. Valves with submarginal spines and a differentiated edge 

Coscinodiscus 

II. Cells elongate, cylindrical or subcylindrical, valves circular or 

broadly elliptical, girdle with numerous scaly intercalary bands 

Solenoideae 

Only family Rhiz^soleniaceae 

A. Frustules asymmetrical, valves with an excentric apical spine 

Rhizosolenia 

B. Frustules spindle-shaped, symmetrical, apically attenuated 

Cylindrotheca 


Series I. DISCOIDEAE 
Family 1. MELOSIRACEAE 

A family in which the individuals are usually united to form 
long filaments. The only freshwater genus is 


F 


23 
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Melosira Agardh, 1824^ (Orthosira Thwaites; Sphaerophora 
Hassall). Frustules usually cylindrical, rarely ellipsoidal or 
globular, united by gelatinous cushions or a peripheral ring of 
small spines or teeth to form filaments of variable length. Valves 
flat or convex, rarely strongly arched, the circular valve-faces 
often divided into differently marked central and peripheral 
regions (fig. 146, A). Girdle-view rectangular, the girdle fre- 
quently provided, except at its middle, with longitudinal stria- 
tions or systems of punctae ; in the region of the smooth part of 
the girdle the frustules commonly show one or two annular 
constrictions or internal ridge-like projections of the membrane. 





Fig. 146. A and B, Melosira arenaria Moore, from Shipley Glen, W. Yorks. 
C-E, M. varians Ag., from the River Cam at Cambridge; E, showing 
formation of auxospore. (All x 450.) 



Chromats. small, numerous, parietal, and plate-like. Auxosp. 
formed by rejuvenescence of the protoplast, much larger than 
the parent-cell, the long axis either parallel or at right angles 
to that of the latter; auxosp. commence to divide while still part 
of the original filament. 

The freshwater sp. are generally grouped in two sections, viz. 
Melosira proper where marginal spines are lacking, and Orthosira 
where they are present. To the former belongs M. varians Ag., to the 
latter M. arenaria Moore, M. granulata (Ehrenb.) Ralfs, and M. 
Roeseana Rabenh. 

There are some six or eight freshwater sp. in the Brit. Isles. M. 
varians Ag. (fig. 146, C-E) is one of the most abundant centric 
Diatoms, occurring in large quantities in ponds, ditches, and slow 

1 Muller, Jahrb. Wiss. Bot. xiv, 1884, p. 232, and xuii, 1906, p. 49; 
Muller, Ber. Deutsch. Bot. Ges. xxi, 1903, p. 326. 
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rivers; the frustules (15-35 br.) are almost devoid of markings, 
presenting only a very fine punctation. M. arenaria Moore (fig. 140, 
A, B) occurs on wet rocks, sometimes forming crisp rnat-like masses 
on dripping sandstone, and is common on the Brit. Carboniferous 
sandstone ; the greater part of the girdle shows a fine cross-hatching ; 
valves 4f0-90 br. M. granulata (Ehrenb.) Ralfs, with elongate frustules 
(5-20 br.) and a coarsely punctate girdle, occurs in boggy pools and 
in the plankton. M. Roeseana Rabenh., in which the centre of the 
valve has 3-5 strong punctae, is found on damp rocks among various 
Myxophyceae and also among damp Mosses. Schroder^ has described 
a greenish iridescence due to specimens of the last-named sp. growing 
in a cave. 


Family 2. COSCl NODISC ACE AE 

In this family the usually discoid cells are generally solitary. 
The circular valves are flat, convex, or more rarely arched, and 
they are sometimes provided with a peripheral ring of spines. 
They commonly show radial rows of punctulations or areola- 
tions, but the girdle is mostly structureless. The small and 
numerous chromatophores are rounded or lobed parietal plates. 
The auxospores are formed by rejuvenescence of the protoplast. 
Most of the members of this family are marine or fossil. 

Cyclotella Ktitzing, 1833 2 . Frustules solitary or paired, rarely 
in cHams, disc-shaped. Valves circular, very rarely elliptical, 
exhibiting two concentric areas (fig. 147, B), the inner smooth 
or granulate, the outer with smooth or punctate radiating 
striae, occasionally with minute spines near the margins ; valves 
excentrically bullate in most sp., so that the girdle- view possesses 
undulate margins (fig. 147, C). 

Of the six sp. known to occur in Brit, fresh waters, C. operculata 
Kiitz. (fig. 147, B, C), C. Meneghiniana Kiitz. with coarser striations, 
and C. Kiitzingiana Thw. are more or less widely distributed. C. comta 
(Ehrenb.) Kiitz., in which some of the striae are coarser than others, 
is often abundant in the plankton. The colonial C. Schroteri Lemm. 
(C. comta var. quadrijuncta Schrot.), in which the frustules are held 
together within mucous tubes, is known from the plankton of Lough 
Corrib, Galway (West and West, 1906, p. 108). The valves of these 
different sp. vary from 10-30 br. 

Stephanodiscus Ehrenberg, 1845. Frustules solitary, disc- 
shaped. Valves circular, with a marginal ring of simple acute 
spines; valve-faces with radiating series of punctulations, 
alternating with radiating smooth spaces which appear as lines ; 

^ Ber. Deutsch. Bot. Ges. xxxiv, 1916, p. 796. 

2 Lemmermann, Ber. Deutsch. Bot. Ges. xViii, 1900, p. 29; Bachmann, 
Jahrb. Wiss. Bot. xxxix, 1904, p. 106. 
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centre of valves sometimes bullate, with punctulations more or 
less in line with the marginal ones. 

S. Hantzschianus Grun. (fig. 147, A), one of the two Brit, sp., 
occurs in the plankton of Lough Neagh and of the Thames and has 
also been recorded from a Berkshire pool; the frustules (diam. 12-20) 
are sometimes provided with long siliceous needles. The markings on 
the valves are very hard to see. 



Fig. 147. A, Stephanodiscus Hantzschianus Grun. (after Schr5der, x 544). 
B and C, Cyclotella operculala Kutz., from Shipley Glen, W. Yorks (x450). 
D, Coscinodiscus lacustris Grim., from the plankton of Lough Neagh, 
Ireland (x450). 

Coscinodiscus Ehrenberg, 1838. Frustules solitary. Valves 
circular or rarely elliptical, with a differentiated edge, usually 
furnished with a ring of submarginal spines and, within the 
edge, radiating punctulations or areolations. Chromats. numer- 
ous, rounded, closely crowded. 

The limits of this genus are exceedingly difficult to define. There 
are over 800 known sp., mostly marine, and the only Brit, freshwater 
sp. is C. lacustris Grun. (fig. 147, D) found in the still waters of rivers 
and lakes (sometimes in the plankton); it reaches a diam. of 60 pi. 

Series II. SOLENOIDEAE 
Family RHIZOSOLENIACEAE 

The frustules, which are sometimes imperfectly silicified, are 
elongated and more or less cylindrical, with a circular or broadly 
elliptical cross-section or valve- view; they sometimes occur in 
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chains. The extremities of the cells are attenuated and either 
symmetrical or asymmetrical. The girdle comprises numerous 
rhomboidal imbricating intercalary bands that give it a scaly 
appearance. 

Rhizosolenia Ehrenberg, 1858; emend. Peragallo, 1892^. 
Frustules feebly silicified, very elongate, subcylindrical, often 
forming chains. Valves asymmetrical, calyptra-like, terminating 



Fig. 148. A-C, Rhizosolenia morsa W. & G. S. West (after W, & G. S. West) ; 
A and B, from the Irish plankton (x375); C, individual with resting- 
spore (Sp)y from the plankton of Thirlmere, Scotland (x320), D, Rhizo- 
solenia eriensis H. L. Smith (after Ostenfeld & Wesenberg-Lund). E, 
Cylmdrotheca gracilis (Br6b.) Grun. (after Van Heurck, x360). 

in an excentric spine or long seta parallel to the long axis of 
the cell. Intercalary bands numerous, scaly, often transversely 
extended and more or less imbricate (fig. 148, D). Chromats. 
small rounded or oval plates. Thick-walled resting-spores, 

^ peragallo, Diatomiste, i, 1892, p. 108; West and West, 1906, p, 109; 
Bachmann, 1907, p. 74; Schroder, Ber. Deutsch. Bot. Ges. xxix, 1911, 
p. 739. 
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pointed at one end and rounded at the other, arise to the number 
of one or two in a cell. 

Most sp. are marine, but three are known to occur in the Brit, 
freshwater plankton. One of the commonest is R. morsa W. & G. S. 
West (R. eriensis H. L. Smith var. morsa W. & G. S. West (fig. 148, 
A-C)) in which the valves bear a relatively coarse spine and exhibit 
a characteristic excavation in the girdle- view. R. longiseta Zach., 
with very long setae, occurs in the Scottish plankton, whilst R. eriensis 
Sm. (fig. 148, D) has been recorded from Loch Shin. 

Cylindrotheca Rabenhorst, 1859. Frustules symmetrical and 
spindle-shaped, with the apices much attenuated, ornamented 
with several spiral lines running from end to end and crossing 
one another at intervals. Chromats. small, granular. 

The structure of the wall is only imperfectly known and the position 
of the genus is uncertain ; it should perhaps be associated with the 
Nitzschiaceae. C. gracilis (Breb.) Grun. {Nitzschia Taenia Sm. (fig. 
148, E)), the only known sp., occurs rarely in English fresh and brackish 
waters ; frustules 5-9 br. 

GROUP B. PENNATAE 

These include the majority of Diatoms. The markings (striae 
or costae) on the valves are usually arranged on either side of a 
sagittal line (which is occupied by a raphe or pseudo-raphe) and 
not in relation to a central point. The frustules are most com- 
monly naviculoid or boat-shaped, but they may have the form 
of a flattened plate or an elongated rod, and may be straight, 
arcuate, or sigmoid. They are never cylindrical, and there is a 
striking absence of spines and long processes. The different 
forms exhibit all degrees of development of the raphe which 
reaches its highest differentiation in the NaViculoideae, whilst 
in the Nitzschioideae it is situated on a median or obliquely 
disposed keel. The chromatophores are always parietal; in the 
lower series each cell contains a large number of small plates, 
but in the higher one a few large lobed chromatophores occupy 
the greater part of the inner surface of the cell-wall. The auxo- 
spores are formed by conjugation or apogamously. 

The following key will serve to identify the British freshwater 
genera : 

I. Cells rod-shaped, lanceolate, cuneate, or arcuate in valve-view, 
rectangular in girdle- view, mostly with a pseudo-raphe or traces 
of a true raphe Fragilarioideae 

A. Frustules stout, tabular in girdle-view, usually united to form 
band-like or zig-zag colonies, with two or more well-developed 
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longit. septa internally; valves bilaterally symmetrical, with 
or without a median pseudo-raphe Tahellariaceae 

a, Frustules without transv. septa 

1. Valves without transv. ribs 

* Longit. septa often numerous, as short plates arising 
alternately on the two sides of the girdle, valves 
swollen in the middle and at the apices Tahellaria 
** Longit. septa two, perforated by three foramina, valves 
only swollen in the middle Diatomella 

2. Valves with transv. ribs, longit. septa with a single median 

foramen Tetracyclm 

b. Frustules with two longit. and a number of transv. septa, 

appearing as capitate ribs in the girdle-view Denticula 

B. Frustules cuneate, with transv. septa only, united to form flat 

spiral colonies; valves clavate, with an indistinct median 
pseudo-raphe Meridionaceae 

Only freshwater genus * ^Wftdton 

C. Frustules rectangular, without longit. septa, united into band- 

like or zig-zag colonies ; valves rod-shaped or lanceolate, with 
transv. septa Diatomaceae 

Only genus Diatoma 

D. Frustules rectangular, without septa, often united to form 

ribbon-like colonies; valves lanceolate or rod-shaped with a 
median pseudo-raphe Fragilariaceae 

a. Valves equally developed at both ends, frustules solitary or 

colonial 

1. Ribbon-like colonies Fragilaria 

2. Solitary or as attached radiating clusters Synedra 

b. Valves more swollen at one end than at the other, frustules 

forming star-shaped colonies Asterionella 

E. Frustules solitary or in band-like colonies; valve- view slightly 

curved or arcuate, pseudo-raphe nearer to one edge of valve 

Eunotiaceae 

a. Valves with a median swelling on their concave (ventral) 

surface Ceratoneis 

b. Valves without such a swelling, the dorsal margin often 

undulate Eunotia 

II. Girdle-view crooked or suddenly bent, sometimes cuneate, with 
a true raphe on one and a pseudo-raphe on the other valve 

Achnanthoideae 

Only family Achnanthaceae 

a. Girdle-view not cuneate 

1. Valves lanceolate or rod-shaped, frustules generally 

occurring as stalked epiphytes Achnanthes 

2. Valves subcircular or broadly elliptical, frustules epiphytic 

by their flat faces Cocconeis 

b. Girdle-view cuneate, valves somewhat clavate Rhoicosphenia 
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III. Each valve with a true raphe, with a central and two polar 
nodules, valves rarely keeled Naviculoideae 

A. Valves straight, rarely oblique or sigmoid, generally with a 
straight raphe, more rarely with an oblique one, mostly 
symmetrical about the line of the raphe and about a transv. 
axis; girdle- view usually rectangular Naviculnceae 

a. Frustules without septa 

1. Valves straight and symmetrical; raphe straight 

* Central nodule mostly small and rounded Navicula 
** Central nodule transv. distended to form a stauros 

Stauroneis 

♦♦♦ Central nodule linear and greatly elongated in the sagittal 
axis Amphipleura 

2. Valves sigmoid; raphe sigmoid Gyrosigma 

3. Valves naviculoid, with a sigmoid keel containing the 

raphe, frustules twisted Amphiprora 

h. Frustules with two longit. perforated septa and radially 
arranged chambers along each margin of the valve 

Mastogloia 

H. Valves mostly straight and symmetrical about the line of the 
raphe, with one pole larger than the other; girdle-view wedge- 
shaped ; epiphytes Gor nph onemaceae 

Only genus ^ilompttonema 

C. Valves always curved, often sublunate, symmetrical only about 
a transv. plane; girdle- view straight, subrectangular or elliptic 

Cumhellnr.Mp 


a. Valves without transv. ribs 

1. Valves flat, not very asymmetrical; raphe removed from 

the edge of the girdle which is without striae Cymbelki. 

2. Valves crested, strongly asymmetrical; raphe very near 

edge of girdle on concave side ; girdle with longit. stria- 
tions Amphora 

b. Valves with transv. ribs 

1. Valves somewhat convex, raphe much curved and often 

conspicuous, near the ventral surface Epithemia 

2. Valves crested, raphe in apex of crest (apparently on dorsal 

side) Rhopalodia 


IV. Each valve with a raphe situated in a keel with carinal dots; no 

nodules ; frustules rhombic in transv. section ^it^chiqi^a e 
Only family Nitzschiac eae 

a. Keel median; cells joined to form loose ribbons BaciUdfia 

b. Keel displaced to one side; cells solitary 

1 . Keels of the two valves diagonally opposite Nitzschia 

2. Keels of the two valves on the same girdle-face Hantzschiu 

V. Each \'alve with a pseudo-raphe and spreading marginal wings, 

containing a simple raphe (two to each valve), without nodules; 
N alves often strongly costate Surirelloideae 
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Only family Surirellaceae 

a. Valve-faces distinctly undulate Cymatopleura 

h. Valve- faces not undulate 

1. Valves elliptical, linear, or ovate, rarely twisted, with 

strong transverse ribs ; pseudo-raphe of one valve parallel 
" to that of the other Surirella 

2. Valves circular, frustules saddle-shaped; pseudo-raphe of 

one valve at right angles to that of the other 

Campy lodiscufi 


Series I. FRAGILARIOIDE AE 
Family 1. T ABELL ARl ACE AE 

In this family the valves are bilaterally symmetrical, linear 
or linear-elliptic, often with a swollen median portion and some- 
times with subcapitate extremities ; the two valves are precisely 
similar and may have a straight median pseudo-raphe. The 
frustules are stout and appear as flat rectangular plates in the 
girdle- view; intercalary bands are developed and from these 
arise two or more incomplete longitudinal septa running parallel 
to the valve-faces. The frustules are mostly united to form band- 
shaped or zig-zag colonies (fig. 149, F) by mucous cushions on 
the valve-faces or at the corners. The chromatophores are 
numerous and granular. 

Tabellaria Ehrenberg, 1839. Frustules tabular, united to 
form zig-zag colonies, the basal cell often fixed to a substratum 
by a mucous cushion at one corner. Longit. septa two or many, 
arising alternately on the two sides of the girdle and not reaching 
the centre; in the girdle- view these appear as prominent lines, 
and between them, as well as on the middle part of the girdle, 
there are fine striations. Valves sublinear, more or less strongly 
swollen in the middle and subcapitate at the ends, transv. striated, 
the striations interrupted by an indistinct median pseudo-raphe 
which is broadened in the middle and at the ends. Two auxosp. 
formed from each motber-cell. 

There are two common Brit, sp., of which T. flocculosa (Roth) 
Kiitz. (fig. 149, F, G), with numerous septa, is the most abundant. 
T. fenestrata (Lyngb.) Kiitz. (figs. 143, D ; 149, D, E) has fewer septa 
and more slender and elongate valves, the largest specimens reaching 
a length of 137 p,. T, fenestrata var. asterionelloides Grun., in which 
the frustules exhibit a stellate arrangement, is general in the plankton 
of all the Brit, lake areas, and there are two very distinct forms of it. 
Bachmann (1907, p. 68) has shown ^liat the two sp. of Tabellaria are 
connected by transitional forms. 
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Diatomella Greville, 1855^. Frustules tabular, solitary, or 
joined to form ribbon-like colonies. Longit. septa two, visible 
in the valve- and the rectangular girdle-view, extending right 
across the frustule, and perforated Vjy one central and two polar 
foramina. Valves oblong-lanceolate, sometimes with a slight 
median swelling, transv. striated, with indications of a pseudo- 
ra])hc and traces of nodules. 

D. Half our iann Grey. (tig. 101, K-F, p. 378), the only sp., is a rare 
British inoiitsinc form; valves 80 1. 

Trfracficlus Ralfs. 1843: emend. Grunow, 1862‘^. Frustules 
tabular, united to form short or long ribbons. Longit. septa 



Fi^;. 141). A-(\ Tctracydus lacuslris Ralfs, from the plankton of Loch Shin, 
Sutherland. 1) and E, Tabellaria fenestrata (Lyngb.) Kiitz., from Mickle 
Fell, N. Yorks. F and G, T.flocculosa (Roth) Kiitz., from the same locality. 
(All x500.) 


several, with a single, not absolutely median, foramen (fig. 149, B), 
appearing in the girdle- view as ribs with thickened apices. 
Valves elongate elliptical, with or without a median swelling, 
with few or many transv. ribs which appear as marginal teeth 
in the girdle- view; no pseudo-raphe. 

There are two Brit. sp. T. Ralfs (valves up to 30 1.) (hg* 149, 

A-C) prefers hilly districts and is often found in the plankton of 


^ cf. Carter, Journ. Linn. Soc., Bot. xlvi, 1922, p. 56. 
2 Hiistedt, Abh. Nat. Ver. Bremen, xxiii, 1914, p. 90. 
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mountain lakes. T. rupestris (A. Br.) Grun., with valves not swollen 
in the middle, occurs on dripping rocks in mountainous areas. 

Denticula Kiitzing, 1844. Frustules more or less tabular, 
solitary, or forming short filaments. Longit. septa two, each with 
a row of perforations. Valves lanceolate with carinate faces, 
with transv. septa appearing in the valve-view as strong ribs 
(between which are delicate punctate striae) and in the sub- 
rectangular girdle- view as capitate marginal ribs; the transv. 
septa are fused with the edges of the perforations in the adjacent 
longit. septum; no pseudo-raphe. 

The genus includes Denticula proper with transv. ribs extending 
right across the valves, and Grunowia in which they are confined to 
one half and which is often referred to Nitzschia. To the former 
belong: D, tenuis Kiitz. (fig. 150, C and D) and D, elegans Kiitz., 
with more widely spaced ribs, both frequent among Mosses on wet 
or dripping rocks; valves up to 45 1. D. (Grunowia) sinuata W. Sm., 
with valves having undulate margins, is frequent in the same 
localities. 


Family 2. MERIDIONACEAE 


The frustules are elongate and cuneate in both valve- and 
girdle-views and are therefore zygomorphic, being symmetrical 
only in relation to the longitudinal axis. They are either united 



Fig. 150. A and B, Meridion circulare (Grev.) Ag., from Shipley Glen, 
W. Yorks (x500). C and D, Denticula tenuis Kiitz., from Wicken Fen, 
Cambridge ( x 600). 

by their valve-faces to form a flat spiral filament (Meridion 
(fig. 150, A)) or disposed at the extremities of a branched system 
of gelatinous stalks (Licmophora, marine only). In the marine 
forms there are two or more longitudinal septa, but none in 
Meridion, which however has short transverse septa. There is an 
indistinct pseudo-raphe. The chromatophores are small, plate- 
like, and numerous. Two auxospores arise from two mother-cells. 

Meridion Agardh, 1824. Frustules cuneate, remaining 
attached after division to form flat, fan-shaped or spiral, free- 
floating filaments, often making two complete turns. Valves^ 
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clavate, sometimes with a subcapitate apex, with a number of 
continuous transv. costae, between which are fine punctate 
striae interrupted in the middle by a more or less distinct 
pseudo-raphe. Girdle-view cuneate, with a truncate base and 
apex. No longit. septa, but a number of transv. septa appearing 
as very short ribs in the girdle- view and as the transv. costae of 
the valve- view. 

Except for their shape, the frustules show much similarity with 
those of Diatoma^. M. circulare Ag. (fig. 150, A, B), the only Brit, sp., 
is often abundant in stagnant ditches and ponds, and may frequently 
be obtained in pure masses. The var. constrictum (Ralfs) Van Heurck 
(sometimes regarded as a distinct sp.), in which the valves have sub- 
capitate apices, is also frequent, being most abundant in early spring 
and often forming brown flocculent masses around submerged grass- 
leaves, etc. ; valves 25-45 1. 

Family 3. DIATOMACEAE 

Another family of colonial forms, only represented in fresh- 
waters by the genus 

Diatoma De Candolle, 1805. Frustules rectangular, united 
to form ribbon-like or zig-zag filaments. Valves without a keel, 
isobilateral, rod-shaped or lanceolate, sometimes with capitate 



Fig. 151. A-D, Diatoma elongatum Ag., from Wicken Fen, Cambridge. 
E and F, D, hiemale (Lyngb.) Heib., from Howgill Fells, W. Yorks, G, 
D. hiemale var. mesodon (Kiitz.) Van Heurck, associated with the typical 
form. (All X 500.) 

extremities, with transv. ribs between which are fine punctate 
striae; pseudo-raphe indistinct. Longit. septa absent or as mere 
traces ; the strongly marked transv. septa appear as ribs in the 

^ Forti (loc. cit. p. 726) classes DerUicula, Diatoma, Meridian, and Aster- 
ioneUa in one family (Diatomeae), the other three genera of Tabellariaceae 
being placed among his Tabellarieae. 
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valve-view and are more or less distinct in the girdle-view. 
Chromats. small granules. 

This genus is distinguished from Denticula^ by the absence of a keel 
on the valve-faces and of longit. septa. There are four Brit, sp., of 
which D. vulgar e Bory with more or less lanceolate valves (40-50 1.), 
D, elongatum Ag. (fig. 151, A-D; valves up to 70 1.), and D. hiemale 
(Lyngb.) Heib. (fig. 151, E, F) are common; the two former are very 
variable and possess zig-zag colonies, whilst in the last they are band- 
shaped. The first two sp. are generally distributed in quiet waters, 
but the last-named is more abundant in hilly districts, often occurring 
in pure masses or mixed with a smaller variety (var. mesodon (fig. 
151, G)). 

Family 4. FRAGIL ARI ACE AE 

In this fa mily the frustules are solitary^ o^ joined to form 
ribbon-Hke or zig-zag colonies/ qrlhey are arranged in a stellate 
manner. The elongate rod-shaped or lanceolate valves are iso- 
bilateral, not keeled, and there is usually an evident pseudo- 
raphe, sometimes with slight traces of central and polar nodules. 
There are no ribs on the valves and no septa. The chromatophores 
are sometimes small and granular, or they may be in the form 
of large plates. 

Fragilaria Lyngbye, 1819 {Odonlidium Kiitzing, pro parte; 
Grammatonema Kiitzing; Ralfsia O’Meara). Frustules rect- 
angular, joined by their valve-faces to form ribbons or more 
rarely united by small mucous cushions at their corners to 
form zig-zag colonies. Valves fusiform, lanceolate, or linear, 
generally with produced apices, and sometimes with one or two 
inflations, with transv. striations which may be exceedingly fine, 
or rather coarse and composed of bead-like punctulations ; 
pseudo-raphe sometimes scarcely evident (Eufragilaria Ralfs), 
sometimes broad {Staurosira Ehrenb. = Odontidium Kutz.); 
no nodules. Girdle-view rectangular. Chromats. small and 
granular {Eufragilaria) or one, two, or four plate-like bodies 
with pyrenoids {Staurosira), 

Of the five Brit, sp., F, capucina Desmaz. (fig. 152, C and D ; valves 
80-60 1.) is much the commonest, but F, mutabilis (W. Sm.) Grun. 
with oval valves (10-25 1.), and F. virescens Ralfs are also general; 
the last belongs to the sect. Eufragilaria, whilst the others are included 
in Staurosira, A rarer sp. is F, {Staurosira) construens (Ehrenb.) 
Grun., with valves showing one or two inflations. F, (Eufragilaria) 
crotonensis (A. M. Edw.) Kifton (Nitzschia pecten Brun.), with 
elongate valves (40-110 1.) dilated at the middle, is general in the 
plankton of the Brit, lake areas. The colonies of Fragilaria are, 
according to JSchroder, often enveloped in a wide zone of mucilage. 

^ See note, p. 864. 
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Ehrenberg, 1831^. Frustules linear, much elongated, 
usually solitary, but sometimes 
clustered in radiating or fan-shaped 
colonies which are often epiphytic. 

Valves commonly needle-shaped, 
linear or linear-lanceolate, gener- 
ally with attenuated or subcapitate 
extremities, mostly straight but 
occasionally bent or somewhat un- 
dulated, finely striated; striae often 
absent in the middle of the valve, 
leaving a square or rectangular 
hyaline area; mucilage-pores fre- 
quently present at the ends (fig. 

148, C)r pseudb-m generally 
evident, often Enlarging to a cen- 
tral rounded hyaline space (false 
nodule (fig. 152, A)) and sometimes 
with false polar nodules. Girdle- 
view elongated, with truncate • A ^ B 

apices. Chromats. two, plate-like, ^ r, 

♦J.U j 1 j. j j i j j Vig. 152. A and B, Synedra 

with undulated or indented edges p^heUa Kutz., from Cambridge 

and 2-5 pyrens. Auxosp. (only (x 500). C and D,Fragi7anacapM- 
known in one or two sp.) two from Desmaz., from Shipley, W. 
a mother-cell. ' ' 


The sp. of this genus are very variable and no two authorities are 
in any way in agreement as to their classification. It may be doubted 
whether Meister* is right in utilising the presence or absence of a 
hyaline area in the middle of the valves as a basis for grouping the 
sp., since it seems to remove nearly allied forms from one another. 

There are about ten Brit, freshw. sp., several of which are common, 
being found in almost every kind of suitable locality and often occur- 
ring in immense abundance in the waters of lakes and springs. The 
most frequent are: S, Ulna (Nitzsch) Ehrenb., with valves (70-^0 1.) 
having somewhat rostrate apices and with the striae usually inter- 
rupted in the middle; S, pulchella Kiitz. (fig. 152, A, B; 60-130 1.), 
with a false central nodule; and S. Acus (Kiitz.) Grun., with needle- 
like valves with slightly capitate apices (100-250 1.). All three are 
found generally in the plankton of the Brit, lakes. S, splendens Kiitz. 
(fig. 143, C) (regarded by some as a var. of S. Ulna) has valves (up 
to 340 1.) arranged in radiating groups attached to other aquatics. 
S. capitata Ehrenb., with markedly enlarged apices, is general, but 
not so common as the previous sp. Free-floating clusters are 


' Provazek, Osterr. Bot. Zeitschr. n, 1000, p. 69. 
* Kieselalg. d. Schweiz, p. 69. 
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characteristic of S, actinastroides Lemm., hitherto only once recorded 
for the Brit. Isles (West, 1911, p. 87). 

AsterionellaHsssall, 1850^. Frustules narrow and linear, joined 
by delicate mucous cushions at their basal extremities to form 
stellate colonies. Valves narrowly linear-fusiform, with delicate 
transv. striae and capitate apices, one apex (the lower) being 
larger than the other; pseudo-raphe very delicate with an en- 
largement in each apex. Girdle-view linear, with dilated 
truncate extremities. Chromats. two, one in front of the other. 



Fig. 153. Asterionella gracillima Heib., from the plankton of Lough Neagh, 

Ireland ( x 450). 

A, gracillima Heib. (fig. 153) and A.formosa Hass.* are regular and 
abundant constituents of the Brit, freshwater plankton; the latter 
is also common in the quiet waters of ditches, ponds, and lakes. 
Valves 70-100 1., but in A, gracillima they may reach 130 jx. In this 
sp. both ends of the valves are nearly the same, but in A.formosa both 
valve- and girdle- views are distinctly broader at the lower than at 
the upper ends. The colonies of this genus are somewhat fragile and 
easily become dismembered. According to Voigt®, delicate mucilage- 
films are spread out between the individual frustules. 

^ cf. Bachmann, 1907, p. 70. 

* In the earlier edition of this work the form depicted in fig. 158 was 
described as A. formosa Hass., but in this species the girdle- view is much 
broader at the base than at the apex. Schiitt (loc. cit. p. 118) likewise 
confuses the two species. 

® Biol. Centralbl. xxi, 1901, p. 86. 
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Family 5. EUNOTIACEAE 


The frustules are usually free-floating and either solitary or 
joined to form ribbons; in a few cases they occur as epiphytic 
tufts. The more or less curved or arcuate valves are dorsiventral, 
the dorsal edge being often undulate, the ventral one concave. 
There is a reduced raphe, or a pseudo-raphe with distinct polar 
nodules, situated more or less close to the ventral margin. There 
are no septa. Each frustule contains two parietal, plate-like 
chromatophores . 

Ceratoneis Ehrenberg, 1840. Frustules solitary, or united to 
form short bands, free-floating. Valves arcuate, with a more or 
less prominent swelling in the middle of the concave side, and 
obtuse, subcapitate, or rostrate-capitate apices; transv. striae 
interrupted by a well-marked pseudo-raphe approximated to 
the ventral margin; central and, especially, polar nodules dis- 
tinct. Girdle- view linear, rectangular. 


C. Arcus (Ehrenb.) Kiitz. (Eunotia Arctis W. Sm. (fig. 154, D)) is 
frequent in mountainous areas, 
esp. streams ; valves with obtuse 
apices, 35-100 1. The var. 

Amphioocys (Rabenh.) De Toni, 
distinguished by its produced 
and subcapitate apices, is abun- 
dant in the same localities, and 
pure gatherings of it are by no 
means uncommon ; valves up to 
85 1. 

Eunotia Ehrenberg, 1837^ 

{Himantidium of various 
authors ; DesmagoniumEhren- 
berg, 1848; Climacidiuin 
Ehrenberg, 1867). Frustules 
rectangular, either (a) united 
by their valve-faces to form 

long flexuose, ribbon-like fila- ^ , 

® . Tw \ lig. 154. A, hunotiapectinahs (Kutz.) 

merits (sect. Himantidium) or Rabenh. var. undulaia Ralfs, from 
(b) solitary, more rarely as BaiIdon,W. Yorks (x600). 

epiphytic clusters on other Dolgelly, Wales (x 600). 

i 4 . 17 j \ TT 1 CyE. gtacihs (Ehrenb.) Rabenh., from 
Algae (sect. Eunotia). Valves Lerwick, Shetlands (x 500). D, Cera- 
arcuate or bow-shaped, the toneis Kiitz., from Cautley Spout, 
dorsal margin often undulate W. Yorks (x 520). 
or nodulose, apices mostly produced, obtuse or more often 
^ Hustedt, Abh. Nat. Ver. Bremen, xx, 1911, pp. 99, 274. 
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subcapitate, with uninterrupted transv. striae composed of fine 
dots; pseudo-raphe situated along the ventral margin, incon- 
spicuous; no central nodule, polar nodules elongate, comma- 
shaped, evident (also in girdle-view) or indistinct. Girdle-view 
rectangular^ transv. striated at the margin. Chromats. two, 
apposed to the two valves, their lobes spreading on to the ventral 
girdle (fig. 157, F). Auxosp. formed by con jug. of protoplasts of 
two mother-cells. 

There are about ten Brit. sp. In the sect. Himantidium the two 
most frequent areF. gracilis (Ehrenb.) Rabenh. (figs. 154, C; 157, F), 
in which the narrow valves have capitate apices, and E, pectinalis 
(Kiitz.) Rabenh., with numerous vars. (cf. fig. 154, A). In the other 
sect. E. lunaris (Ehrenb.) Grun. is much the commonest ; the narrowly 
linear arcuate valves (50-90 1.) generally occur in tufts attached by 
a small mucilage-cushion to other aquatics. E, tetraodon Ehrenb., 
E, incisa Greg., and E, bicapitata Grun. (Synedra biceps W. Sm.; 
E. flexuosa var. bicapitata Grun.) are general in mountainous areas. 


Sekies II. ACHNANTHOIDEAE 
Family ACHN ANTHACE AE 

The outstanding characteristics of this family of epiphytes 
are (a) the possession of two dissimilar valves, the one having 
only a pseudo-raphe, the other a true raphe and nodules, and 
(b) the curved or bent girdle-view. The valves are straight and 
either isobilateral or clavate. Longitudinal septa occur in 
Rhoicosphenia, but not in the two other genera. There is usually 
a single parietal chromatophore. The auxospores are formed in 
various ways. 

Achnanthes Bory, 1822 {Achnanthidium Kiitzing, 1844; 
Grunow, 1880; Microneis Cleve, 1895). Frustules straight and 
symmetrical in valve-view, but geniculate and asymmetrical 
in girdle- view, being bent along the transv. axis, either free- 
floating and solitary, or as single frustules or short rows of 
frustules epiphytic by means of a short or long mucilage-stalk 
on other aquatics. Valves linear or fusiform, often with capitate 
apices; one valve convex with a pseudo-raphe without any trace 
of nodules, the other concave with a true raphe and both central 
and polar nodules and sometimes a distinct stauros (cf. fig. 155, 
A-C); valves with transv. striae consisting of rows of fine or 
coarse punctae, sometimes with intervening costae, markings 
usually slightly different on the two valves. Chromats. mostly 
one thick parietal plate lying against the convex valve, less 

F 34 
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often numerous small granules. Auxosp. formed either by 
con jug. or from the products of division 
of single parent-cells (cf, pp. 846, 347). 

There are two principal sections, viz. 

Euachnanthes Schiitt in which raphe and 
pseudo-raphe are straight and median or a 
little excentric, and Achnanthidium Kiitz. 
in which raphe and pseudo-raphe are 
sigmoid. Cleve’s Microneis ineludes those 
sp. of the former in which the striae are 
composed of minute punctae, and the same 
author has distinguished a number of other 
subgenera^. Of the nine Brit. sp. one of the 
largest, though rather rare, is A. coarctata 
Breb.; the valves (18-43 1.) have a slightly 
curved raphe. A. exilis Kiitz., A. linearis 
W. Sm., and A, microcephala Kiitz. are 

very small sp. which are often abundant as u^ngarica'd^unyZ near 
stalked epiphytes on filamentous Algae; Sutton, Cambridge (x 520). 
all three have finely punctate striae and D-F, Cocconeis Placentula 
the last is characterised by slightly capitate Ehrenb., ^**9^ Sheep’s 
valves. A. (Achnanthidium) flexella (Kiitz.) Cambridge (x 520). 

Br^b. possesses a sigmoid raphe and often occurs in quantity in hilly 
districts; valves 35-50 1.^ The marine A. brevipes Ag. has been 
recorded from the canal at Droitwich, Worcestershire. 



D F E 

Fig. 155. A-C, Achnanthes 


Cocconeis Ehrenberg, 1835® (Orthoneis Grunow, 1868; Eu- 
cocconeis Cleve, 1895). Frustules flat and plate-like (some- 
what the shape of a concavo-convex lens), symmetrical in the 
valve-view, but bent or arched in the girdle-view, epiphytic, 
attached by their lower valve-faces to diverse aquatics. Valves 
broadly elliptical or subcircular; the upper valve convex with 
a pseudo-raphe (fig. 155, D), the lower concave with a raphe and 
central nodule, though polar nodules are generally indistinct 
(fig. 155, E); valves with punctate striae, transv. in the middle 
and radiating towards the poles, and sometimes with marginal 
costae representing a system of narrow marginal transv. septa. 
One parietal chromat. with a lobed margin, mostly lying against 
the convex valve. Auxosp. formed by con jug. of two cells, or 
a single auxosp. formed from one mother-cell. 

There are many marine sp. of this genus, but only two — C. Pediculus 
Ehrenb. and C. Placentula Ehrenb. (fig. 155, D-F) — inhabit freshwater, 
both of them being abundant epiphytes on filamentous Algae and other 


^ Cleve, loc. cit. 1895, p. 187. 

2 This sp. is placed by Cleve (p. 179) in a section Eucocconeis of Cocconeis. 

3 Karsten, F16ra, lxxxvii, 1900, p. 253. 
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aquatics all over the Brit. Isles; Cladophora and Vaucheria are often 
completely covered by their frustules. C. Pedicuius is distinguished 
from the other sp. by its rhombic-elliptic valves, the lower valve 
lacking the hyaline intramarginal zone of C. Placentula. Both have 
valves 12-35 1. 

Rhoicosphenia Grunow, 1860. Frustules in girdle- view wedge- 
shaped, considerably curved, attached by mucous cushions or 
stalks to other aquatics. Valves clavate, one pole larger than the 
other, with punctate striae; upper valve possessing only a 
pseudo-raphe and no nodules, the lower with a raphe and central 
and polar nodules. Longit. septa two, each with a very large 
foramen, appearing as short ribs in the girdle-view. Chromat. 
one, parietal, apposed to one of the girdles. 

This genus has often been classed with the Gomphonemaceae, with 
which valve- and girdle-views show much resemblance. R, curvata 
(Kiitz.) Grun. (fig. 161, H) is common all over Britain, often clothing 
in dense masses the thicker branches of sp. of Cladophora; valves 
13-45 1. ?e 

Series III. NAVICULOIDE AE 
Family 1. NAVICULACEAE 

The Diatoms of this family are exceedingly numerous and 
well-defined. The frustules are generally straight and symmetrical 
in three planes at right angles {Navicula, Stauroneis)^ or they may 
be sigmoid (Gyrosigma), or twisted {Arnphiprora), Th<e-jcaphe is 
mostly median, with well-marked central and polar nodules, and 
there is a system of striae or costae on either side of it;^in 
Stauroneis the central nodule forms a wide stauros (fig. 156, 
E, F), and in the various subgenera of Navicula it and Ine raphe 
show diverse accessory developments. There are generally two 
large parietal plate-like chromatophores (fig. 157, D, E), xnostly 
without pyrenoids, principally disposed over the girdles but 
often extending on to the valve-faces; sometimes the two are 
connected by a median bridge. Auxospores are formed either 
in pairs by conjugation of two individuals following a fission of 
each protoplast (fig. 145, A), or singly by rejuvenescence of the 
contents of a single cell (fig. 145, C, £)). 

The frustules are mostly solitary and free-floating, but in 
some forms they are enclosed in a tough tubular mucilage- 
envelope whieh is often much branched; some of the marine 
forms are attached to a substratum by hyaline stalks. 

Navicula Bory, 1822 {Pinnularia Ehrenberg, 1843; Schi- 
zonema Agardh, 1824; Colletonema de Brebisson, 1849; Diadesmis 
Kiitzing, 1844), Frustules usually solitary and free-floating, 


24-2 
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more rarely enclosed in mucous tubes, some sp. terrestrial. 
Valves quite straight and symmetrical with regard to the line of 
the raphe, of very variable form though predominantly lanceo- 
late or fusiform^ valves with striae or costae of variable strength, 
often composed of rows of punctae, more or less transv. or some- 
times somewhat radiating, never quite reaching up to the usually 
straight raphe, and commonly shorter or almost interrupted 
opposite the central nodule; in rare cases there is a smooth 
longit. area of some width on each side of the raphe. Girdle- 
view straight, rectangular. 

Navicula is much the largest genus of Diatoms, embracing 
upwards of 1000 species, which occur widely distributed in fresh, 
brackish, and salt water, as well as in the soil ; many fossil forms 
are also known. Cleve (loc. cit. 1894, p. 10) classes a large number 
of the sp. in separate genera {Diploneis, Neidium, Caloneis, etc.) 
equivalent to Stauroneis, Amphipleura^ etc., and this procedure 
has been followed by some authorities, whilst others regard 
some or all of them merely as subgenera. The more important 
of these, as far as freshwater and terrestrial forms are concerned, 
are as follows : 

Diploneis Ehrenberg, 1840; central nodule more or less square, 
prolonged at either end into pairs of hom-like processes enclosing the 
raphe; on either side of these processes lies a longit. furrow parallel 
to the line of the raphe ; two chromats., e.g. N. ovalis Hilse, N. elliptica 
Kiitz. (fig. 161, C). 

Caloneis Cleve, 1894; valves with delicate non-punctate striae 
which are traversed by one or more longit. lines running parallel to 
the margin of the valve; two chromats., e.g. N. Amphishaena Bory 
(fig. 145, C). 

Neidium Pfitzer, 1871 ; valves with parallel punctate striae, running 
obliquely to the longit. axis and traversed by one or two longit. lines ; 
four chromats., e.g. N. Iridis Ehrenb. ^fig. 161, B). 

Anomoeoneis Pfitzer, 1871 ; valves with transv. str iae composed of 
fine dots or striulations which are arranged in wavy or oblique longit. 
lines; a single lobed chromat., with a median pyren., apposed to one 
girdle and overlapping on to the valves, e.g. N. sphaerophora Kiitz. 
(fig. 156, C), N. serians (Br6b.) Kiitz. (fig. 156, D). 

Frustulia Agardh, 1824 {Vanheurckia Br^bisson, 1868) ; valves with 
elongated polar and central nodules enclosed, along with the raphe, 
between two parallel siliceous ribs; frustules occasionally in a linear 
series within a mucous tube; two chromats. S e.g. N. rhomboides 
Ehrenb. (fig. 157, A, B). 

Pinnularia Ehrenberg, 1843: many large forms; valves with 
relatively coarse transv. costae not composed of punctae and in some 

1 According to West (1904, p. 294) this is the Frustulia as amended by 
Rabenhorst in 1851, but not that of Agardh. 
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cases traversed by two longit. lines (cf. p. 340); two chromats. with 
pyrens. e.g. JV. alpina (W. Sm.) Ralfs (ftg. 156, A). 

The sp. remaining in Navicula proper are very numerous and are 
grouped by Cleve in a number of sections based on the markings of 
the valves; the striae are mostly punctate, but in N, cryptocephala 
Kiitz., etc. they are composed of sihall fine lines (NavicfUae lineokUae), 
whilst in a few cases they are quite structureless. % 

As in other of the big Diatom genera, whilst there are many easily 
characterised sp., a large number are insufficiently described or 
probably merely habitat-forms of others. About 80 freshwater and 
terrestrial sp. are known to occur in the Brit. Islands, the aquatic 


forms favouring stagnant water. The most striking are N, cuapidata 
Kiitz., N, nobilis Ehrenb. (fig. 142), N, major Kiitz., N, alpina Ralfs 
(fig. 156, A), and N, lata Br^b., all except the first belonging to the 
subgenus PinmdaTia \ the two last-mentioned sp. prefer boggy tracts 
in elevated regions, in which localities they are sometimes frequent. 
N* perptisilla Grun. is one of the smallest Brit. sp. (12*5 1.), whilst 
N. noMlis Ehrenb. is the largest (200-400 1.). One of the commonest 
is N, (Pinnularia) viridis Kiitz. (figs. 156, B and 157, D and E). There 
are two Brit. sp. belonging to the subgenus Frmtuliay viz. N, rhom» 
boides Ehrenb. (fig. 157, A, B) and N, vulgaris Thw. A variety of the 
former — var. saxonica Cl. (iV. crassinervia Br6b.) — is vefy abundant 



Fig. 156. A, Navicula alpina (W. Sm.) Ralfs, from Lerwick, Shetlands 
( X 400). B, N. viridis Kiitz., from Baildon, W. Yorks ( x 400). C, N, sphaero- 
phora Kiitz., from Wimpole Park, Cambridge (x 500). D, N, serians (Br6b.) 
Kiitz., from Mickle Fell, N. Yorks (x400). E, Stauroneia Phoenicenteron 
(Nitzsch) Ehrenb., from Adel Bog, W. Yorks (x400). F, iS. acuta W. Sm., 
from Shipley Glen, W. Yorks (x450). 
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and widely distributed in the Brit. Isles, being very frequent in boggy 
districts; valves 50-80 1. Pure gatherings of it can often be collected 
from Sphagnum-pools. N. (Pinnularia) borealis Ehrenb., N. mutica 
Kiitz. (fig. 101, D), and N. atomus Naeg. are widely distributed in 
cultivated soils. 

Some of the small and abundant sp., such as N. exilis Kiitz., are 
remarkable for the rapidity of their movements. 

Stauroneis Ehrenberg, 1843 {Pleurostauron Rabenhorst, 1859; 
Schizostauron Grunow, 1867). Frustules solitary and free- 
floating (sect. Stauroneis) or attached by their valve-faces to 
form short filaments {Pleurostauron). Essential difference from 
Navicula is the transv. dilation of the central nodule to form a 
stauros over which the striae are lacking; striae radiating, finely 
punctate. In the sp. grouped by Rabenhorst in Pleurostauron 
there are short diaphragms (longit. septa) extending a little way 
from the apex of the frustule inwards; these appear as folds 
in the girdle-view and are very evident in the valve-view (fig. 
156, F). Auxosp. formed singly by conjug. of two individuals. 

There are about six Brit, freshwater sp., of which S. Phoenicenteron 
Ehrenb. (fig. 156, E) is the largest (100-170 1.) and most frequent. 
S. (Pleurostauron) acuta W. Sm. (fig. 156, P) is local, being usually 
found in bogs. 

Arnphipleura Kiitzing, 1844. Frustules solitary, free-floating. 
Valves narrowly lanceolate with acute rounded apices and, often 
exceedingly fine, transv. and longit. striae composed of minute 



Fig. 157. A and B, Navicula {Frustulia) rhomboides Ehrenb., from Mickle 
Fell, N. Yorks (x 520). C, Arnphipleura pellueida Kiitz., from Chippenham 
Fen, Cambridge (x520). D and E, girdle- and valve-views of Navicula 
viridis Kiitz., and F, Eunotia gracilis (Ehrenb.) Rabenh., girdle- view, to 
show chromatophores {ch and nucleus (n), x 400. 
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punctae ; central nodule greatly elongated, appearing as a narrow 
rib separating the two short distal portions of the raphe, which 
are enclosed between two parallel ribs uniting at each extremity 
of the valve to form the polar nodules. Two auxosp. formed by 
conjug. of two individuals. 

Only one sp., A, pellucida Kutz. (fig. 157, C), inhabits Brit, fresh- 
waters, but it is generally distributed and often abundant; valves 
80-140 1. Some very large forms sometimes occur in the plankton. 
The striae are exceedingly fine (about 37 in 10 p) and the valves are 
used as microscopic test-objects. 


Gyrosigma Hassall, 1845 (Pleurosigma W. Smith, 1858). 


Frustules solitary, free-floating, gener- 
ally straight and linear-oblong in the 
girdle-view. Valves convex, sigmoid, 
with obtuse or attenuated extremities, 
provided with two sets of striations 
which cross one another either at right 
angles or obliquely; median line very 
narrow, central nodule small; raphe 
sigmoid. Chromats. two (sometimes 
four) large, entire or jagged, perforated 
plates, disposed in the manner common 
to all Naviculaceae, with pyrens.; in 
some of the marine forms there are 
numerous band-shaped or discoid 
chromats. 

There are only four Brit, freshwater sp., 
of which G. attenuatum (Kiitz.) Rabenh. 
(fig. 158, A; valves 190-250 1.) and G, 
Spencerii (Queck.) O. K. (valves 80-130 1.) 
are the most abundant; in the former the 
longit. striae are further apart than the 
transv. ones, whilst in the latter the con- 
verse obtains. In G, acuminatum Kiitz. 



the two sets are equally spaced. 

Amphiprora Ehrenberg, 1843; emend. 
Cleve, 1891 (Amphicampa Rabenhorst, 
1864). Frustules free-floating, solitary, 
with a slight twist around the longit, 
axis. Valves convex, naviculoid in form. 


Fig. 158. A, Gyrosigma at- 
tenuatum (Kiitz.) Rabenh., 
from Chippenham Fen, 
Cambridge ( x 400). B and 
C, Amphiprora paludosa 
W. Sm., from Wimbledon 
Common, Surrey ( x 400). 


with cuneate apices and fine transv. striae, with a prominent 
sigmoid keel in which is situated the sigmoid raphe (fig. 
158, B); central and polar nodules small; valves with two 
delicate curved lines, extending from the keel to the apices. 
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Girdle-view broadly inflated, with a median constriction and 
truncate ends, showing longit. sutures due to intercalary bands ; 
girdle itself slightly twisted. Seen obliquely, the sigmoid keels 
of the two valves cause the frustules to appear much more 
twisted than is truly the case. Chromats. one or two large plates. 

Of the two Brit, freshwater sp., A. paludosa W. Sm. (ftg. 158, B 
and C) is often found, and sometimes in abundance, in small ponds 
and ditches; valves 40-80 \. A. omata Bailey, in which the longit. 
sutures are undulate, is much rarer. 

Mastogloia Thwaites, 1848. Frustules naviculoid, commonly 
embedded in a gelatinous envelope of con- 
siderable size. Valves usually elliptic-lanceo- 
late, generally with produced extremities, 
with transv. striations radiating somewhat 
in the centre; raphe straight, median, with 
central and polar nodules. Longit. septa 
two, perforated by a large oval foramen, the A B 

marginal part of the valve divided, except at ^*8; MastogUna 
the ends of the frustule, into a row of radially B^Vdon, ’ Yorks 
arranged chambers; the septa between these (x500). ’ A, valve-; 
chambers appear as ribs (absent at the ends) girdle-view, 
in the valve- view and as two longit. series of broad marks in the 
girdle-view. Chromats. two or four, usually apposed to the 
valves. Two auxosp. formed by conjug. of two individuals. 

Of the four Brit, freshwater sp., M. Smithii Thw. (fig. 159; valves 
80-45 1.) and M. Dansci Thw. are the most generally distributed ; in 
the latter the valves have cuneate extremities. 

Family 2. GCmPHONEM ACEAE 

Since the removal of Rhoicosphenia to the Achnanthaceae, this 
includes only the genus 

Gomphonema Agardh, 1824. Frustules w§dg e-shape d, straight, 
generally attached by their inferior (smaller) extremities to a 
more or less branched system of hyaline mucilage-stalks arising 
from some substratum. Valves usually with one end conspicu- 
ously larger than the other, often lanceolate or clavate, or sinuate 
at the margins, mostly with well-marked more or less radiating 
striae, sometimes consisting of distinct beads and visible also 
at the edges of the girdle-view; axial area wide or narrow, striae 
often shorter opposite the central nodule, here in some sp. are 
found one or seveifjil isolated unilateral punctae {Stigmaiicae 
Cleve (cf. fig. 1, F)); raphe straight, median, with well-marked 
central and polar nodules. Girdle-v^w cuneate. Chromat. one, 
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large, parietal, somewhat sinuate, apposed to one of the girdles, 
but extending over on to the valve- 
faces and most of the other girdle. 

Two auxosp., lying parallel to one 
another, are formed from two 
mother-cells without conjug. 

There are about 14 Brit, fresh- 
water sp., some of which, such as 
G. constrictum Ehrenb. (fig. 160, C), 

G. acuminatum Ehrenb. (fig. 1, F), 
and G. parvuXum Kiitz., are common 
in every part of the Brit. Isles, 
being frequent epiphytes on other 
Algae. G, geminatum (Lyngb.) Ag., 

the largest sp. with valves 90-120 1. g^inatum {hyngh.) Ag., from 
and a maximum breadth of 35-40 CautleySpout,W.York8(x400).C, 
(fig. 160, A, B), is principally con- G.con«<r^<umEhrenb.,from ^ip- 
fined to hilly districts, often forming am n ge(x ). 

thick felt-like masses of a greyish- white colour on dripping rocks. 


Family 8, CYMBELLACEAE 

The members of this family probably do not form a natural 
group, their chief characteristic being the bent or sublunate 
form of the valves, while the girdle-view is straight and often 
subrectangular or elliptic; the frustules are thus symmetrical 
about a longitudinal plane parallel to the valve-faces and a 
median transverse plane at right angles to the valves. The latter 
are commonly more or less prominently crested or keeled, and the 
ventral girdle is often narrower than the dorsal one (cf. p. 888), 
so that the general form of the cross-section is trapezoidal. The 
raphe is usually curved and not mediaiy being nearer to one 
edge of the valve. There is mostly one large, lobed, parietal 
chromatophore with a pyrenoid, the median part of which is 
disposed within the convex girdle-face, but in several species of 
Amphora there are two or several chromats. For auxospores, 
see the genera. 

Cymbella Agardh, 1880 (Cocconema Ehrenberg, 1829; JSn- 
cyonema Kiitzing, 1888). Frustules more or less of the form 
of the segments of an orange, dorsiventral, straight or more 
usually sublunate, free, or on gelatinous stalks and epiphytic, or 
enclosed in gelatinous tubes (Encyonema), Valves strongly 
attenuated from the middle towards the obtuse extremities, 
dorsal margin strongly convex, ventral margin slightly convex 
or concave and in the latter case generally tumid in the middle; 
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valves with slightly radiating striae, often composed of distinct 
series of dots, more closely placed on the ventral than on the 



Fig. 161. A, Rhopalodia gibba (Ehrenb.) O. Mull., girdle-view (after 
^leister, x 600). B, Navicula {Neidium) Iridis Ehrenb., valve (after Meister, 
X 600). C, Navicula (Diploneis) elliptica Kiitz., valve (after Meister, x 600). 
D, N. mutica Kiitz., forma (after Bristol, x 1435). E, valve- and F, girdle- 
view of Diatomella Balfouriana Grev. (after Carter, x 1420). G, Rhopalodia 
gibberula (Ehrenb.) Miill., section of frustule (after Muller); r, raphe. H, 
Hhoicosphenia curvata Grun. (after Meister, x600), showing respectively 
the upper (left) and lower valves, and the girdle (on the right). 

dorsal side, isolated dots adjacent to the central nodule in some 
sp.; raphe well-marked, straight or more commonly curved, 
nearer the ventral margin of the valve, terminal fissures straight 
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or curved towards /the dorsal margin. Girdle- view straight, 
often subrectangular, one girdle 
narrower than the other (cf. fig. 143 , 

F). Auxosp. formed in pairs, either 
by con jug. of the divided protoplasts 
of two individuals or, without con- 
jug., by rejuvenescence of the con- 
tents of two parent-cells (West, 

1916 a, p. 108). 

There are some 15 Brit. sp. C. 
lanceolata Ehrenb. is the largest (80- 
150 1.) and one of the most abundant 
(fig. 162, A). C. Cistula Hemp, and 
C. cymbiformis Ehrenb. are smaller 
sublunate sp. which are almost equally 
frequent. C. cuspidata Kiitz., with 
unequally biconvex valves, is widely 
distributed and often abundant on wet 
rocks in mountainous regions, fre- 
quently forming gelatinous masses of 
a greyish-brown colour. The frustules 
of C. prostrata Berk., C. caespitosa 
Kiitz., and C. gracilis Rabenh. occur 
in more or less linear series within 
gelatinous tubes. 

Aniphora JLhvenherg^ 1831. Frus- W. Yorks (x500). B and C, 

tules solitary generally 

elliptical with truncate apices m the 

girdle- view; girdle often with irregular longit. striations, the 
dorsal one wider than the ventral one. Valves curved or sub- 
lunate, with a more or less median crest (resembling a gable 
in cross-section (cf. fig. 143, G)), the curved raphe close to the 
ventral (concave) surface (fig. 143, H); striation of valves similar 
to that of Cymbella. Chromats. very variable, one, two, or four 
large plates in diverse positions, or a large number of granules 
arranged in the form of a network^. Auxosp. formed in pairs by 
conjug. of the divided protoplasts of two individuals. 

Since the valves in this genus are markedly arched, with two 
sloping faces forming an acute or obtuse angle, an actual valve- 
view is never obtained and disconnected valves present either 
the dorsal or the ventral face to the observer; for the same reason 
the intact frustules are always seen in girdle-view, in which, 
however, one of the two faces of each valve is also more or less 

^ Mereschkowsky, Script. Bot. Hort. Univ. Imp. Petropolitani, xxi, 
1908, p. 145. 
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completely shown (fig. 162, C). The raphe is situated near the 
lower margin of the ventral valve-face. 

Most of the sp. are marine, but three Brit, freshwater sp. are known, 
of which A. ovalis Kiitz. (fig. 162, B, C) is common; valves 50-70 1. 
A very small variety of it — var. pedictdtis Kiitz. — occurs as an epiphyte, 
generally on other Diatoms, e.g. Nitzschia sigmoidea. 

Epithemia de Brebisson, 1838^. Frustules solitary, attached 
by their ventral (concave or plane) surfaces to other aquatics, 
subrectangular or broadly elliptical with truncate apices in the 
girdle- view. Valves slightly curved or lunate, the ventral margin 
concave or almost straight, with strong transv. ribs between which 
are conspicuous rows of punctae; raphe (or pseudo-raphe in some 
sp.?) typically V-shaped, the central nodule being in the middle, 
or nearer the dorsal margin, of the valve and the two branches 
of the raphe curving rapidly towards the ventral margin which 
they follow for the greater part of their course (fig. 163, B). 
Ribs on the valves corresponding to transv. septa which are 
apparent also in the girdle-view (fig. 163, C, D); in some sp. there 
are two longiV septa (fig. 143, B) perforated by a row of rounded 
foramina 2 which open into the chambers between the transv. 
septa, the inner ends of which then terminate in small globular 
expansions (fig. 163, D). Chromats. one or two large plates. 
Auxosp. in pairs, formed as in Amphora. 

The genus is almost entirely confined to fresh or brackish water and 
five Brit. sp. are known. E. turgida (Ehrenb.) Kiitz. (valves 70-150 1.) 
(fig. 163, B, C) is the most abundant, but E. zebra (Ehrenb.) Kiitz., 
with 3-5 rows of punctae between each pair of ribs, is also common 
in all kinds of localities. E. Argus (Ehrenb.) Kiitz. var. alpestris 
(W. Sm.) Rabenh. often occurs in large quantities in mountainous 
areas; E. Argus is one of the sp. possessing longit. septa (fig. 163, D). 

Rhopalodia O. Muller, 1895^. Frustules solitary and free- 
floating, usually presenting the girdJe-view which is elliptic to 
linear or club- to pear-shaped, with a prominent constriction in 
the often somewhat inflated middle region (fig. 161, A); one 
girdle slightly wider than the other (fig. 161, G). Valves promin- 
ently keeled, in outline either (a) elongate and straight with 
incurved apices, sometimes prominently arched in the middle 
of the dorsal margin, or more rarely (b) comma-shaped with un- 
equal poles ; valves with well-marked transv. ribs and intervening 
delicate striae ; raphe situated in the keel (apparently on the dorsal 

^ Muller, Ber. Deutsch. Bot. Ges. iv, 1886, p. 308. 

^ The partitions between these foramina are usually broken near the 
ventral margin (e.g. in E. Argus). 

* Engler Bot. Jahrb. xxii, 1895, p. 54; Hedwigia, xxxviii, 1899, 

p. 286. 
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margin), occupying the extreme edge of the frustule in the girdle- 
view ; central and polar nodules often evident. A transv. septum 
developed at either end of the valve. Auxosp. as in Epitfiemia, 
The valves in this genus have much the same crested character 
as those of Amphora and, as in that genus, the intact frustules 
are nearly always seen in the girdle-view, which is bounded by 
the adjacent parts of the valve-faces. 



Fig. 168. A, girdle-view of lihopalodia gibha (Ehrenb.) Mull., from Wickeii 
Fen, Cambridge. B, valve-view of Epithernia turgida (Ehrenb.) Kiitz., 
from Keighley, W. Yorks. C, girdle-view of dividing specimen of E. turgida, 
from Lerwick, Shetlands. D, girdle-view of E. Argus (Ehrenb.) Kiitz., from 
Wicken Fen, Cambridge. (All x 450.) 

All the sp. occur in freshwater and two are recorded for the Brit. 
Isles. R, gibbn (Ehrenb.) O. Miill. (Epithernia gibba Kiitz.) is common 
in all kinds of localities (figs. 161, A; 163, A) ; the smaller Ji. gibberula 
(Kiitz.) Miill. (E. gibberula Kiitz.) is rarer, but its var. producta Grun. 
is often abundant in mountainous regions. In both sp. the valves are 
straight, with incurved apices. 

Series IV. NITZSCHIOIDEAE 
Family NITZSCHI ACE AE 

The members of this family are sharply characterised by the 
keeled valves and the rhombic transverse section of the frustules 
(fig. 164, D). The keel shows conspicuous carinal dots, which 
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represent the partitions between narrow canals by which the 
raphe communicates with the interior of the cell. The frustules 
are elongated and usually asymmetrical, not uncommonly 
showing a more or less sigmoid curvature in the girdle-view, 
though the valve- view is generally straight. The simple canal- 
like raphe is situated in the keel (cf. p. 338). The chromatophore 
is either a diagonal plate (sometimes two), or there are one or two 
curved parietal plates, the median portions of which are apposed 
to the girdles ; pyrenoids numerous and small. 

Bacillaria Gmelin, 1788. Frustules straight, forming plate- or 
ribbon-like colonies which exhibit a characteristic gliding move- 
ment of one frustule over another. Girdle-view linear with 
truncate apices and a row of carinal dots along each lateral 
margin. Valves slightly convex, narrowly linear in outline, 
transv. striated, with attenuated apices and a median keel con- 
taining the raphe and provided with a row of rounded carinal dots. 

B. paradoxa Gmel. (fig. 164, 1), the only Brit, sp., occurs in the fresh- 
water dykes and drains of the north-east and east of England and is 
also known from the Midlands and the Thames ; valves 60-70 1. 

Nitzschia Hassall, 1845; emend. Grunow, 1880^ {Tryhlionella 
WT^ffuth, 1853; Nitzschiella Rabenhorst, 1864), Frustules 
solitary and free-floating, rarely enclosed in mucilage-tubes 
(Homoeocladia Agardh), a few sp. terrestr. Girdle-view often 
elongate, with parallel margins and truncate apices, either 
sigmoid or straight, sometimes with inflated sides or a median 
constriction. Valves elongate, linear or elliptic-lanceolate, 
straight or more rarely curved, with attenuated and capitate 
or even rostrate apices, provided with delicate and closely 
placed transv. striations; keel (with the raphe) more or less 
marginal, the keels of the two valves being diagonally opposite, 
so that they occur on different girdle-faces ; carinal dots rounded 
or prolonged into short ribs, the middle ones often a little further 
apart, less numerous than the striae. Chromats. usually two 
large plates apposed to the girdles. 

The numerous sp., many of which are marine, are largely distin- 
guished by the form of the girdle- and valve-views and the shape and 
density of arrangement of the carinal dots. There are about 24 Brit, 
freshwater sp., of which N. palea Ktitz., with straight valves with 
attenuated apices (fig. 164, F; 20-65 1.), and N, sigmoidea (Ehrenb.) 
W. Sm., with slightly sigmoid frustules (up to 480 1.), are the most 
abundant and at the same time exhibit the greatest extremes of size. 
N. linearis (Ag.) W. Sm., with hook-like apices to the valves (fig. 164, 

^ Grunow, K. Svensk. Vet.-Ak. Handl. xvii, 1880, No. 2, p. 67; Meresch- 
kowsky, loc. cit. p. 157. 
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H), and N» communis Rabenh. are common sp. In N, dubia W. Sm. 
the valves (90-160 1.) are slightly narrowed in the middle and have 
broad carinal dots. N, acicularis W. Sm., a small sp. with greatly 
produced needle-like extremities to the valves (ftg. 164, G), is 



Fig. 164. A and B, two single valves of Nitzschia dubia W. Sm., from Hawks- 
worth, W. Yorks ( X 500). C and D, N, sigmoidea (Ehrenb.) W. Sm. ; C, short 
straight, abnormal form in process of division (girdle- view x 400); D, trans- 
verse section (after Schiitt, from Pfltzer). E, Ilantzschia amphioxys (Ehrenb.) 
Grun. (after Bristol, x 1080). F, N, palea (Kiitz.) W. Sm. (after Bristol, 
X 1080). G, iV. acicularis W. Sm. (after Cleve and Grunow). H, N, linearis 
W. Sm. (after Meister, x600). I, Badllaria paradoxa Gmel.; valve (after 
v. SchOnfeldt). 

often exceedingly abundant in ponds and ditches, and is remarkable 
for the rapidity of its movements. N, inconspicua Grun. is fairly 
frequent in cultivated soils. 

Hantzschia Grunow, 1877. Frustules solitary, free-floating 
or terrestr. Valves somewhat curved with rostrate apices; keel 
on the concave margin, with very conspicuous carinal dots, the 
keels of the two valves displaced to the same side of the frus- 
tule, so that they lie on the same girdle-face. Girdle-view 
rectangular. Otherwise like Nitzschia, 

H. Amphioocys (Ehrenb.) Grun. (ftg. 164, E) is the only Brit* fresh- 
water sp.; it is frequently met with and often occurs in prodigious 
quantity on damp earth, whilst small forms are regularly found in 
most soils. 
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Series V. SURIRELLOIDEAE 


Family SURIRELL ACEAE 


In this family the valves are generally strongly costate and 
symmetrical with regard to a median (often indistinct) pseudo- 
raphe, whilst the margins are produced into more or less con- 
spicuous wings, the outer edge of which is occupied by a simple 
canal-like raphe (two to each valve (cf. fig. 144, C and p. 389)). 
The frustules are always solitary and free-floating and the 
valves are of very diverse shapes. There are two large much- 
lobed chromatophores in each cell, one apposed to each valve- 
face and with lobes projecting into the chambers of the marginal 
wings (fig. 144, C); in some cases the two chromatophores are 
connected by a transverse bridge. One auxospore is produced 
by the conjugation of two individuals. 

Cymaiopleura W. Smith, 1851. Valve- view 
or sublinear, often broadly con- 
cave along each margin, with 
subacuminate apices, the faces 
of the valves transv. undulate 
and with very fine transv. stria- 
tions interrupted by an incon- 
spicuous pseudo-raphe; along the 
keeled margins are short costae, 
sometimes simulating coarse 
beads. Girdle-view (fig. 165, B) 
linear, with a number of large un- 
dulations (corresponding to those 
on the valve-faces) along the 
lateral margins. One chromat. 
apposed to each valve. 



Th.™ ™ BA .p of .hlch fBliiyW'sSr&rSS 
C. Solea (Br^b.) W. Sm., with Cambridge (x350). B and C, C. 
elongate valves (50-150 1.) slightly Solea (Br6b.) W. Sm.; B, girdle- 
narrowed in the middle, is the large specimen from Es- 

u n\ n “<^lt» W. Yorks; C, valve-view of 

comi^n^t (fig. 165, B, C). C. cWip- gj^all specimen from Cornwall (x 
t%ca (Br^b.) W. Sm., with broadly 350 ). 

elliptical or elliptic-lanceolate valves 

(80-140 1.), is almost equally abundant (fig. 165, A). 


SurireUa Turpin, 1827^. (Original spelling — Suriraya."') 
Valve- view elliptical, linear, ovate, or rarely twisted; valve- 


^ Karsten, Flora, Lxxxvii, 1000, p. 256; Muller, Engler Bot. Jahrb. 
XXXIV, 1908, p. 24. 
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faces with pronounced longer or shorter transv. costae (actually 
folds, like corrugated iron) and often with fine striae, interrupted 
by a median distinct linear or lanceolate pseudo-raphe, that of 
one valve parallel to that of the other; marginal wings (generally 
more obvious in the girdle- than the valve- view, best seen in 
transv. section (fig. 144, C)) traversed by horizontal canals (fig. 
144, D) connecting the raphe with the interior of the frustule and 
separated by conspicuous partitions corresponding to the costae 
on the valve-faces (cf. p. 339). Girdle-view subrectangular. 



Fig. 166. A, Surirella biseriata Br^b., from Adel Bog, W. Yorks, valve-view. 
B, S. linearis W. Sm., from Mickle Fell, N. Yorks, girdle- view. C, S. robusta 
Ehrenb. var. splendida (Ehrenb.) V. H., from near Penzance, Cornwall, 
valve- view. D and E, Campylodiscus Ilibernicus Ehrenb., from Baildon, 
W. Yorks; D, valve-view; E, view showing the saddle-shaped frustule. 
(All X 400.) 

oblong, or cuneate; girdle sometimes with irregular longitudinal 
striations. Chromats. two, one against either valve, often con- 
nected by a transv. bridge; numerous pyrens. 

There are eight Brit, freshwater sp. 5. biseriata Br6b. (fig. 166, A ; 
valves 100-170 1.) and S. robusta Ehrenb. (valves 160-230 1.) are two 
of the largest and most frequent. Both are common Brit, plankton 
forms, especially the var. splendida (Ehrenb.) V. H. (fig. 166, C) of 
the latter. The much smaller S, ovalis Breb. (valves 16-80 1.), with 
numerous vars., is also very abundant. S. spiralis Kiitz. is remarkable 
for the twisting of the valves round the longit. axis; in this sp. 
G. S. West (1912, p. 325) has recorded the formation of eight thick- 
walled rounded-polygonal spores from the contents of a frustule. 
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Campy lodiscus Ehrenberg, 1841. Frustules saddle-shaped 
with circular valves, which however appear irregularly circular 
owing to the curvature of the frustules. Sagittal axes of the 
two valves (including the pseudo-raphe) at right angles to one 
another; valves with usually short and often beaded costae 
arising from a thickened margin, the centre of the valve with 
irregular punctae. Presence of a raphe doubtful. Two chromats., 
without pyrens. 

The genus, which is chiefly marine, is incompletely known. There 
are two Brit, freshwater sp., of which C. Hibernicus tihrenb. (fig. 166, 
D, E) is general, but scarce ; valve about 100 hr. 



CLASS V. CRYPTOPHYCEAE 

The Cryptophyceae, which are apparently more strongly 
represented in the sea than in freshwaters, are as yet but very 
imperfectly known. Enough has come to light, however, to 
bring out clearly some of the essential characteristics and to show 
that much the same evolutionary sequence has been followed 
as in the other great flagellate-algal series. Its immediate 
affinities are obscure, but there are some striking resemblances 
with the Dinophyceae (Peridinieae)^ and perhaps a remote rela- 
tion to the Phaeophyceae. The Cryptophyceae may well have a 
common origin with the Dinophyceae, although at one time 
they were thought to be derived from forms like the Ochro- 
monadales^, with which there are some points of resemblance. 

The naked motile individuals are developed in their most 
typical form in the Cryptomonadaceae and exhibit a pronounced 
dorsiventral construction, the cells being prominently flattened 
in the dorso- ventral plane, so that the cross-section is oval or ellip- 
tical (fig. 1, I, p. 22). When the individuals lie on one of their 
broader faces (side-view), the anterior extremity appears 
obliquely truncate or emarginate, whilst the dorsal margin is 
convex and the ventral margin usually flat or concave (figs. 1, J; 
167, C). Passing over the anterior extremity, where it produces 
a more or less marked constriction, is a longitudinal furrow, 
which extends obliquely over the flanks to die out sooner or 
later without reaching the posterior end (fig. 167, E); in some 
genera (e.g. Cryptomonas (figs. 1, J; 167, A and C)) there is a 
tubular gullet extending from the anterior end of the furrow 
more or less deeply into the interior of the protoplast, but in 
others (e.g. Cryptochrysis^, Chroomonas (fig. 167, E)) this is 
lacking. Two somewhat unequal cilia arise at the anterior end, 
either from the furrow or the ventral edge of the aperture of 
the gullet (fig. 167, C). The cilia are slightly band-shaped, with 
a thread-like termination, and arise from a basal granule which, 
in ChilomonaSy has been shown to be connected by a delicate 
thread with the large nucleus^. The latter is usually situated 
near the posterior extremity (fig. 167, n).* The periplast is firm 
and the cells are not metabolic. 

^ Pascher, 1914, p. 150; cf. also p. 897. 

* cf. Pascher, Ber. Deutsch. Bot. Ges. xxix, 1911, p. 200. 

^ Pascher, ibid. p. 190. 

* Ulehla, ibid. p. 285. 
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There are usually two large, and often lobed, parietal chroma- 
tophores, mostly apposed to the dorsal and ventral margins 
respectively (fig. 167, E), though sometimes there is only one; 
in a few eases the chromatophores are numerous and diseoid. 
Their ])igmentation is very variable, even in the same lot of 
material, but diverse shades of brown are probably the most 
frequent; apart from these, reddish, olive-green, and blue-green 
tints occur. Nothing is known about the nature of the pigments^. 
Rounded pyrenoid-like bodies often oeeur independently'*^ of the 
chromatophores (fig. 167, p); usually there is one in the middle 
of the cell, but there may be several^. After active photo- 
synthesis the products are stored as solid discoid granules, which 
in Cryptowmias give a blue coloration with iodine and appear 
to be some form of starch, whilst in other cases (e.g. CryptocJirysis) 
iodine colours them reddish or reddish-violet. These granules 
constitute a shell around the pyrenoids, as well as occurring over 
the inner surface of the chromatophores. A prominent con- 
tractile vacuole, which discharges into the furrow or into the 
gullet when present, is situated anteriorily on the dorsal side 
(fig. 1, J); in some species there is more than one. The furrow 
or gullet are often lined with small rod-shaped highly refractive 
granules, which are stated to be trichocysts. 

Reproduction is effected by longitudinal division, generally 
during the motile phase, but in most species of Cryptonionns the 
dividing cells come to rest and are embedded in mucilage, often 
forming extensive palmelloid groups. Thick-walled cysts, with 
a membrane containing cellulose, are known in various Crypto- 
monadales. 

As in other scries of motile unicellular forms, there are inter- 
esting special developments. Thus, in the Nephroselmidaceae 
(e.g. Protochrysis (fig. 167, D))'‘ the body is kidney- or bean- 
shaped and the two cilia are attached laterally, a little below the 
middle of the concave surface, the shorter being directed forwards, 
the longer trailing behind during movement; an eye-spot is 
situated just below the point of attachment of the cilia. In this 
family, moreover, the oblique furrow runs more or less trans- 
versely from the point of origin of the cilia^. Among the Crypto- 

^ According to Pascher, 1913, p. 96, they are probably similar to those of 
the Peridinieae. 

* In RhodomonaSy however, they are embedded in the ehromatophore 
(Zimmermann, Ber. Deutsch. Bot, Ges. xli, 1923, p. 285). 

® cf. Dangeard, Bull. Soc. Bot. France, lviii, 1911, p. 449; Geitler, Rev. 
Algol. I, 1924, p. 361. 

* Senn, Zeitschr. wiss. Zool. xcvii, 1911, p. 605; Pascher, ibid, c, 1912, 
p. 177; Pascher, Ber. Deutsch. Bot. Ges. xxix, 1911, p. 191. 

* There is an undoubted resemblance with the swarmers of Phaeophy- 
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monadaceae a number of colourless saprophytic types are known ; 
Chilomonas, for example, is very like a colourless Cryptomonas 
and like it forms starch^. 

A small number of non>motile algal forms have been discovered 
which seem to represent modifications analogous to those found 
in other classes. The palmelloid Phaeocapsales (including Borzi’s 
Phaeococcus^ and Pascher’s Phaeoplax^ = Phaeococcus marinus 
Reinisch) reproduce by s warmers of the Cryptomonad type, in 
fact those of the marine Phaeoplax are almost identical in struc- 
ture with a Cryptochrysis. Paseher"* has described, from moorland 
pools, small free-floating tetrahedral cells {Tetragonidiuni) 
having a brown lobed chromatophore and reproducing by 
swarmers of the same kind, which he classes in the Cryptococ- 
cales (parallel with Chlorococcales, Heterococcalcs, etc.). No 
filamentous members of the class arc at present known^. For 
Phaeococcus an isogamous sexual process is recorded, but 
sexuality seems to be lacking in the motile types. The genera 
mentioned in this paragraph are true x\lgae with firm cell-walls, 
so that here, as in the Heterokontae and Chrysophyccae, there is 
quite a gradual transition from flagellate to algal organisation. 

The classification of the members of this class proposed by 
Pascher (1914, p. 158; cf. also 1913, p. 99) is as follows: 

A. CryptomonadaleSj in which the motile phase is dominant. 

Family 1. Cryptomonadaceae, with apical cilia and an oblique 

apical furrow, e.g. Cryptochrysis and Chroomonas without a 
gullet and with an ill-differentiated periplast; Cryptomonas 
and Chilomonas with a gullet and a distinct periplast. 

Family 2. NephroselmidaceaCy with lateral cilia and an equa- 
torial furrow, e.g. Protochrysis (fig. 167, D). 

B . Phaeocapsales y with a dominant palmelloid phase, e.g. Phaeococcus y 

Phaeoplax. 

C. CryptococcaleSy comprising motionless unicellular individuals; 

only genus Tetragonidium. 

ceae, first pointed out by Pascher (ibid. p. 199); subsequently, however, the 
latter regarded this resemblance as of no phylogenetic significance (cf. 
Pascher, 1914, p. 153). 

^ The Zooxanthelleae, which live symbiotically within diverse Rhizopods, 
Radiolarians, etc., also belong to the Cryptomonadales. 

2 Borzi, Atti Congr. Bot. Internaz. Genova, 1892, p. 463. Regarding 
Phaeococcus paludosus W. & G. S. West and JP. planctonicus W. & G. S. 
West, see p. 831 . 

® Reinisch, Ber. Deutsch. Bot. Ges. xxix, 1911, p. 77; Pascher, ibid, 
p. 197. 

* Pascher, 1914, p. 160. 

* Phaeothamnion was at one time referred to this class, but has since 
been shown to belong to the Chrysophyccae (p. 334). 
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Up to the present only two genera of this class are known to 
occur in the British Isles, viz. 

Chroomonas Hansgirg, 1885^. Unicell., motile, naked, with an 
ill-defined periplast, cilia about as long as the cell; individuals 
flattened, dorsiventral, with a convex dorsal and a concave 
ventral margin, anterior end oblique and emarginate, posterior 
end rounded; furrow often indistinct, not prolonged into a 
gullet, but trichocysts grouped much as in Cryptomonas stated 
to be present; cilia arising apically from edge of furrow. Chro- 
mats. blue or blue-green, parietal, at first single, later frequently 
two, often lobed; pyren. median; starch stored. Contr. vacs, 
discharging into the furrow. Reprod. by longit. div. of indivi- 
duals that have come to rest and secreted an envelope of 
mucilage. 

C. Nordstedtii Hansg. (Cryptomonas Nordstedtii (Hansg.) Senn) 
(fig. 167, E), the only Brit, sp., is so far only recorded from Harborne, 
Staffordshire (Grove, 1920, p. 2); cells 9-16 1. 

Cryptomonas Ehrenberg, 1838 2 . Unicell., motile, naked, with 
a firm periplast; cells dorsiventral, in shape like those of Chro- 
omonas, anterior end more or less oblique and often emarginate ; 
furrow oblique, passing over the anterior end and prolonged into 



Fig. 167. A-C, Cryptomonas anomcda Fritsch, from Houghton-on-the-Hill, 
Leicester (xl050); A and C, side-view; B, view from the dorsal surface. 
D, Protochrysis phaeophycearum Pascher (after Pascher, x 900). E, Chro- 
omonas Nordstedtii Hansg. (after Pascher, x975). n, nucleus; p, pyrenoid. 

a curved gullet which extends for a varying distance towards 
the posterior end and is lined with “trichocysts”; cilia arising 
from ventral margin of gullet. Chromats. brown or olive-green, 
parietal, one or more usually two, generally apposed to the dorsal 

^ Hansgirg, Bot. Centralbl. xxiii, 1885, p. 280, and Prodr. d. Algenfl. 
V. Bdhmen, ii, 1892, p. 167; Zimmermann, loc. cit. p. 286. 

> Dangeard, Le Botaniste, i, 1889, p. 8, and xi, 1910, p. 208; Pascher, 
1918, p. 105; Fritsch, 1914, p. 846. 
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and ventral surfaces, but sometimes occupying the flanks; 
pyren. median; starch or allied carbohydrate (reddish with 
iodine) stored. Contr. vacs. 1-3, discharging into the gullet. 
Reprod. by longit. div., usually of resting individuals embedded 
in mucilage, often forming extensive palmelloid groups or, as 
a result of one-sided mucilage-production, rough dendroid 
groups of cells borne on short thick stratified mucilage-stalks. 
Endogenous cysts also known. 

Sp. of this genus are of common occurrence, frequently favouring 
waters rich in organic substance. Of the four Brit, freshwater sp., 
C. ovata Ehrenb. (20-80 1.) (fig. 1, J) is the commonest. C. erosa 
Ehrenb. (15-32 1.), with a shorter gullet, has also been recorded several 
times. C. anomala Fritsch (21-24 1.) (fig. 167, A-C), as yet only known 
from Leicestershire, is peculiar in the placing of the two chromats. 
against the flanks of the individual. 

Many sp. of Cryptomonas exhibit a characteristic swaying of the 
individuals, first to one side and then to the other, during movement. 



CLASS VI. DINOPHYCEAE 
(PERTDINIEAE) 

The members of this class play a v ery important role as plank- 
ton-organisms, bottyin the sea and in freshwa ters, and hav^c at 
times been known to occur in such large numbers as to giv e a 
definite c olorati on to smaller pie ces of waterh The freshwater 
forms exhibit greater uniformity and are less elaborate in struc- 
ture than the marine ones. Whilst the large majority of Dino- 
phyceae arc motile unicell s, vve owe to Klcbs“ and Paschei '* the 
discovery of a number of typcs~^iich show that here also 
evolution of a sedentary phase has not been lacking. The 
establishment by Pascher of the four scries Dinollagellata. 
Dinocapsales, Dinococcalcs, and Dinotrichales indicates without 
further words that the DinopJiyccac exhibit the same essential 
types of organisation as the other classes hitherto considered. 

The motile individuals are commonly more or less sub- 
circular or ovoid iiiL outJ|ne (figs. 168, C; 169) and are usuall y 
frattencAl' so That the end-v iew appears subellip ti cal or reni- 
form (cf. fig. 170, C, D). In hiost cases they are provided with 
a well-marked and often elaborate envelope j^onsisting largely 
of cejlulpsc^, but irra~ft‘w genera (e.g. Gymnodudum (fig. 169, C)) 
the membrane is lacking Tr indistinct. The protoplast, which is 
bounded by a firm plasma-membrane, is provided with two 
hirroi ^^s, the one transverse and the other longitudinal (fig. 
168, C), and this structure, which is eminently characteristic of 
practically all the members of the class, is exhibited also by the 
overlying envelope when that is present (fig. 170, E-F). The 
transverse furrow is usually well marked and, except in Hernd 
diniunt (fig. 169, li-C), completely encircles the cell, separating 
the apical half which is directed forwards during mov^ement 
from the anfapical half'’. The longitudinal furrow, which is not 

' cf. Nauinaiin, Arcliiv f. llydrobiol. u. Planktonkunde, xiii, 1922, p. 679. 
TIhtc are also various records of tlie phenomenon of “red snow” being due 
to Peridinieae, cf. Suchlandt, Ber. Deiitsch. Bot. Ges. xxxiv, 1916, p. 242. 

- Verbandl. \at.-Med. Ver. Heidelberg, xi, 1912, p. 369. 

» Pascher, 1914, p. 151; 1918, p. 395. 

'* Mangin, Comptes Bendus, Paris, cxliv, 1907, p. 1055; and Internal. 
Rev. llydrobiol. u. Hydrogr. iv, 1911, p. 44. 

® In most freshwater Peridinieae the apical half is slightly larger than the 
antapical one, but in Amphidinium it is quite minute in comparison with 
the latter. 
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uncommonly rather broad and generally less distinct^, occurs 
on the ventral flank of the flattened cell (cf. fig. 169, C). It is 
often confined to the antapieal half opening into the transverse 
furrow at its upper end, or it may continue across the latter for 
a varying distance into the apical half (fig. 170, A, F); in 
Gonyaulax apiculafa it extends right up to the anterior extremity, 
but this is unusual. In most cases the transverse furrow follows 
a more or less horizontal course, the portions to right and left of 
the longitudinal furrow being at prac^tically the same level; but 
there is often a slight spiral trend, and in Spirodinium the trans- 
\x'rse furrow appears as a steep spiral and the two sections of it 
visible on the ventral surface are far apart, though linked by the 
longitudinal furrow. 

At the point where the furrows meet two cilia emerge through 
an aperture in the membrane (figs. 168, C; 169, A). One of these, 
taking the form of a narrow undulating band, occupies the 
transverse furrow. When the individual is viewed from the 
ventral surface with the apical half directed forwards, this 
transverse cilium extends from its point of origin to the right, 
along the transverse furrow (figs. 169, A; 1, E), and, passing 
round the dorsal surface (ef. fig. 169, I)), reappears again on the 
l(‘ft-hand side to terminate close to its starting-point. It thus 
encircles the individual, but is confined to the furrow and does 
not project in any way. The second cilium is a fine thread, often 
considerably longer than the body of the cell, and is directed 
backwards during movement (figs. 168, 169); its proximal 
portion lies in the longitudinal furrow, but the greater part 
projects into the surrounding water. The transverse cilium 
exhibits undulating movements believed to cause the rotation 
observable during the forward progression of the individual 
which is probably mainly brought about by the longitudinal 
cilium; the latter is usually stretched straight out. 

In a certain number of the Dinoflagellata, if an envelope is 
present at all^, it is relatively delicate and little or no structure 
can usually be made out in it. These forms are conveniently 
classed as Gyrnnodiniaceae (cf. figs. 1, E; 168, C; 169). In the 
Peridiniaceae, however, there is a coarse and often richly sculp- 
tured envelope, composed of the apical epivalve, the antapieal 
hypovalve, and the intervening girdle occupied by the transverse 

^ In some species of Gymrwdinium (e.g. G. pulmsculus Kiebs) it is scarcely 
distinguishable. 

2 According to Woloszynska (Bull. Acad. sci. Cracovie, mat.-nat. Kl., 
ser. B, 1917, p. 114) there is a delicate envelope composed of numerous 
polygonal plates even in Gymnodiniuniy whilst G. S. West (1916 a, p. 61, 
footnote) and others have recorded indications of a plate-like structure in 
the membrane of species of Glenodinium, 
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furrow (cf. fig. 170) ; each of these is made up of a series of plates, 
the number and arrangement of which is an important aid in classi- 
fication (cf. Peridinium^ p. 401, and Ceratium, p. 402). Adjacent 
plates of the envelope overlap by their knife-like margins which 
are firmly cemented together, the sutures between them being 
often but not always clearly recognisable frequently the plates 
are connected by prominent intercalary hands (cf. fig. 170, A-D) 



Fig. 108. A-B, IJypnodinium sphaericum Klebs (after Klebs, x300). 
B, cell preparing to divide. C, Gymnodinium aeruginosum Stein (after 
Schilling), ventral surface. D, Ceratium cornutum Clap, and Lachm. (after 
Schilling), ventral surface. 

which are commonly striated and which seem to widen in older 
individuals, thus admitting of some slight increase in the dimen- 
sions of the cell 2. In many species the plates are ornamented by 
numerous areolations and the margins are frequently produced 
into ridges or beset with teeth or small spines (fig. 171); in 
particular the rims of the girdle are often developed as ridges 
(fig. 170, A, E) making the transverse furrow especially con- 
spicuous. The plates of the wall are usually pierced by pores, 

^ Treatment with warm dilute potash generally causes the plates to fall 
apart. 

® cf. also Mangin, loc. cit. 1911, p. 47. For other views as to the inter- 
calary bands, see Kofoid, Archiv f. Protistenkunde, xvi, 1909, p. 81. 
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one of which not uncommonly occupies the centre of each 
areolation, whilst in many cases there is a conspicuous pore at 
the apex of the epi valve. It seems that the cytoplasm projects 
through these pores, and it is possible that the sculpturing seen 
on the external surface of the envelope is formed by this extra- 
membranous protoplasm^. 

The protoplast, whose distinctive furrowing has already been 
mentioned, commonly consists of an outer denser and more or 
less granular region harbouring the chromatophores, and an 
inner portion that contains nucleus and vacuoles (fig. 1, E). The 
chromatophores 2 are usually numerous (fig. 168, C) and generally 
more or less discoid, but in some cases they are rod- or band- 
shaped. They exhibit varied pigmentation, though shades of 
dark yellow and brown are the commonest. Three pigments have 
been extracted from them, viz. the water-soluble brownish-red 
phycopyrrin, the dark red peridinin, and the yellowish-green 
chlorophyllin, the two latter soluble in alcohol; the different 
tints are stated to be produced by their varied aggregation. A 
few blue-green forms are also known (e.g. Gymnodinium aeru- 
ginosum) which are said to contain phycocyanin. Reserve-food 
is stored as starch and oil, the latter often of a yellowish or 
reddish colour. Most of the freshwater Peridinieae appear to be 
holophytic, but there are a number of colourless forms whose 
nutrition is saprophytic or holozoic. 

The nucleus^ is usually large and conspicuous and either 
presents a finely granular structure or exhibits numerous very 
fine threads, which probably represent the chromatin ; the latter 
type is especially distinctive of many Dinoflagellata. Structures 
of the nature of contractile vacuoles (pusules) are known in the 
marine genera, but have hitherto not been observed in the fresh- 
water types. Some species possess a well-defined eye-spot which 
lies at the surface of the protoplast in the longitudinal furrow 
(fig. 1, E), but in many cases it is lacking. 

Multiplication is effected by division of the cells into two, and 
this usually takes place along the longitudinal axis. In a few 
cases {Gymnodinium, Ceratium) it occurs during movement. In 
the division of Ceratium the elaborate envelope splits (fig. 171, C), 
the line of rupture always running between definite plates; as 
the enlarging protoplast divides, the two portions exposed by 
the rupture of the parent-envelope gradually assume the 
characteristic shape of the species (fig. 171, D), but it is not until 

^ cf. Schutt, Jahrb. Wiss. Bot. xxxiii, 1899, p. 598. 

2 The chromatophores of Dinophyceae are very delicate and readily 
undergo disorganisation. 

® cf. Klebs, loc. cit. p. 416. 
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some little time after division is complete that the missing 
plates of the membrane are gradually formed. In this case 
therefore the daughter-individuals receive part of their mem- 
brane from the parent. 

In the majority of the Dinollagellata, however, division is 
effected during a sedentary phase. Cessation of movement is 
followed by a more or less marked contraction of the protoplast. 
Division may then follow at once, the two new individuals being 
set free by the rupture of the parent’s membrane (e.g. Peridiniurn 
iahulaturn) or, more frequently, the contracted and spherical 
protoplast acquires a new membrane (fig. 170, G), and the old 
one is discarded^. This state may last for a varying period 
according to the species, but in most cases, given favourable 
conditions for development, it is merely a passing phase, the 
protoplast soon dividing to form new motile individuals. These 
thin-walled cysts are usually more or less spherical in shape, but 
in Cystodmium for example, where the motile stages are indis- 
tinguishable from Gymnodinium, they are lunate or produced 
into horns In this genus, moreover, the encysted state is of 
relatively long duration. 

Resting cysts, with. a thick membrane and abundant food- 
reserves and often of a somewhat characteristic shape (cf. fig. 
171, B), are known for a number of Peridinieae and are no doubt 
of wide occurrence, constituting the method of survival during 
the unfavourable period of the year^. In Gymnodinium they are 
frequently provided with a mucilage-envelope. 

The existence of other methods of reproduction is still very 
uncertain. Various observers have described a sexual fusion, 
either between normal individuals {Ceratium^) or between 
special small isogamous swarmers showing the structure of a 
Gymnodinmm (in Hypnodinium^), These records, however, require 
fuller investigation. 

The forms above considered mainly belong to the Dino- 
llagellata in which the motile phase is dominant and which 
are the only ones so far recorded from Great Britain. Of the 
sedentary types, the Dinococcales are all azoosporic, unless we 
follow Pascher (1918, p. 396) and transfer to them the above- 
mentioned Cystodinium which would constitute a zoosporic 
member. Among the completely motionless Dinococcales are 

^ cf. especially G. S. West, New Phytol. viii, 1909, p. 182 et seq. 

It is probable that some of the described species of Reinschiella (cf. 
p. 127) are the horned cysts of such Peridinieae. 

^ cf. West, loc. cit. p. 193. 

* Zederbauer, Her. Deutsch. Bot. Ges. xxii, 1904, p. 1. 

« Pascher, 1914, p. 152. 
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some which still develop the distinctive furrows in the proto- 
plast prior to division (e.g. llypnodinium (fig. 16S, A-lf)), whilst 
ill Phytodinium even these characteristics of the motile phas(‘ 
are lacking^. Pascher’s DinotkrLv'^, the only lilamentous member 
of Dinophyceae as yet known, possesses rather coarse, Iittl(‘ 
branched threads composed of barrcl-sha[)ed cells with numerous 
discoid yellow-brown chromatophorcs ; multiplication is effected 
by fragmentation and by Gyw nod ini lun -like swarmers. It is to 
be hoped that Pascher’s brief diagnosis will soon be amplified 
by a more detailed description. 

There can be no question that this well-defined class has a long 
history in the past. As a matter of fact an undoubted species of 
Peridinuini has been described from the Cretaceous. There 
appears to be a distinct allinity with the Cryptophyeeac, first 
clearly brought out by Pascher (1011, p. 149) and accepted by 
most recent writers on the class. Such forms as Protochrysis' 
(cf. p. 388) evidently show many points of similarity with 
Gijni nodi Ilium, both in general organisation as well as in the 
j)igmcntation of the ehromatophores and the products of photo- 
synthesis. Probably related to the Dinophyceae are a series of 
forms (Prorocentraceae) com])rising motile unicells, often with 
a bivalved cell-membrane and a more or less marked dorsi- 
ventral organisation, which however lack the characteristic 
furrows of the Peridinieae. The Prorocentraceae are largely 
marine and thus outside the scope of this work, but it is not 
improbable that the three series Prorocentraceae, Cryptophyeeac 
and Dinophyceae may have originated from a common stock. 
A relationship with Baeillarialcs, such as was formerly enter- 
tained, is at least unlikely. 

Only five genera of Dinophyceae have so far been found in 
British freshwaters, all of them belonging to the Dinoflagellata. 
The following key for their determination is but slightly modified 
from the keys giv en by Lemmermann^ and Scliilling'*, to whom 
we owe the most recent systematic treatment of the freshwater 
members of the class : 

A. Cells naked or provided with a membrane, not evidently com- 
posed of distinct plates Gymnodiniaevov 

a. Transverse furrow only extending round half the cell 

Ucmidininm 

b. Transverse furrow completely cneircling the cell 

^ Klcbs, loc. cit. p. 400. 

2 Pascher, 1914, p. 100. 

^ Lemmermann, 1910, p. 503 et scq. 

* Schillinj', DinoHaj^ellatae (Peridinieae) in Pascher, Sncsswasscril. iii, 
1913. 



898 CLASS VI. DINOPHYCEAE (PERIDII^IEAE) 

1. Cells naked, cysts generally with a mucilaginous membrane 

Gymnodinium 

2. Cells with a smooth membrane, cysts thick- walled 

Glenodinium 

B. Cells with a membrane obviously composed of a series of coarse 
plates Peridiniaceae 

a. Envelope not produced into horns Peridinium 

b. Envelope produced into horns Ceratium 

The above classification into two families is purely one of conveni- 
ence, since recent observations^ indicate that no sharp distinction 
can be drawn between them. 

Hemidinium Stein, 1888. Cells with a delicate structureless 
cellulose- wall, rounded or ellipsoid in form, with rounded poles, 
and markedly flattened on the dorsal and ventral surfaces; 
transv. furrow originating in the middle of the ventral and 
terminating in the middle of the dorsal surface, only encircling 
half the cell; longit. furrow confined to the antapical half. 
Chromats. numerous small plates in the peripheral eytopl. ; no 
eye-spot; nucleus posterior; reddish-brown oil-drops often 
present. Resting cysts spherical with a firm membrane. 

H. nasuium Stein (fig. 169, B, C) has been recorded from two 
localities in the neighbourhood of Birmingham (Grove, 1920, p. 9), 
but may well have a wider distribution; cells 24-28 1. and 16-17 br. 

Gymnodinium Stein, 1883. Cells in the motile phase naked 
(or with a delicate membrane composed of numerous hexagonal 
plates?), in general outline subeircular or oval, with bluntly 
rounded, more rarely pointed poles, end-view subcircular; 
transv. furrow dividing the body into nearly equal halves, 
horizontal or faintly spiral ; longit. furrow usually confined to the 
antapical half, but sometimes projecting a short distance into 
the apical half, occasionally very indistinct. Chromats. generally 
in the form of rounded discs, numerous, yellow to reddish-brown 
in colour, sometimes green, blue-green, or blue, absent in some 
sp.; eye-spot sometimes present; nucleus variable in position. 
Multipl. by div. during movement, usually longit., rarely transv. 
Resting cysts with a mucilaginous envelope or a firm membrane. 
Protrusion of pseudopodia from the region of the transv. furrow 
has been observed in some sp. 

Sp. of this genus are widely distributed, but not usually abundant ; 
they favour small pieces of stagnant water harbouring a lot of 
macroscopic growth. Four are known from British freshwaters. 
G. paradoxum Schilling (89*5 L; 84*5 br.) (fig. 169, A) has been found 


^ cf. Woloszynska, loc. cit. 
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in the plankton of the English and Scotch lakes, whilst a larger var. 
is recorded from the Irish lakes ; the longit. furrow is scarcely recog- 
nisable, but a conspicuous eye-spot occupies its place just below the 
point of attachment of the cilia. G. aeruginosum Stein (33-84 1.; 



Fig. 169. A, Gymnodinium paradoxum Schilling (after Schilling), ventral 
surface. B-C, Hemidinium nasuium Stein (after Lemmermann) ; B, dorsal, 
and C, ventral surface. D-F, Glenodinium uliginosum Schilling (after 
G. S. West, x500), from Sutton Park, Warwickshire; D, young individual 
developed from a cyst, dorsal surface; E and F, empty membranes. 

21-22 br.) (fig. 168, C), with blue-green chromats., has been recorded 
from ponds in Warwickshire. G. Vorticella Stein, one of the colourless 
forms, has been found in a pond near Newcastle (Griffiths, 1923, 
p. 191). 

Glenodinium (Ehrenberg) Stein, 1888 ^. Cells in the motile 
phase with a firm and distinct membrane, usually smooth and 
structureless, but sometimes showing delicate suture-lines 
evidently demarcating plates similar to those of Peridinium; 
cells in general outline subcircular or sometimes elongate, usually 
with rounded poles, end-view elliptical or reniform; transv. 
furrow in the middle or, not uncommonly, nearer the posterior 
end of the cell, slightly spiral; longit. furrow confined to the 
antapical half, often very distinct. Chromats. numerous^, 
discoid, yellow to dark brown in colour, sometimes absent; 
horseshoe- or rod-shaped eye-spot in the longit. furrow of some 
sp. Resting cysts with a firm membrane. 

^ West, loc. cit. p. 181. 

2 G. S. West (loc. cit. p. 185) records only two or three lobed parietal 
chromats. in the young individuals of G. PtUvisculus. 
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Of the three Brit, freshw. sp., G. Pulvisculm (Ehrenb.) Stein 
{Peridinium Pulvisculus Ehrenb.) is the smallest (26-27 L; 22 br.) 
and appears to occur commonly, but not abundantly, in the plankton 
of pools and lakes; in this sp. the apical and antapical halves are 
equal. G. uliginosum Schilling (36^3 1.; 34-38 hr.; cysts 33-40 br.) 
(fig. 169, D-F) is not uncommon among submerged Sphagnum in bogs 
and swamps; its biology has been thoroughly investigated by G. S. 
West. G. cincturn (Miill.) Ehrenb. (fig. 1, E) is a rare plankton form 
(43 1. ; 40 br.), with a prominent horseshoe-shaped eye-spot. 

Peridinium Ehrenberg, 1830^. Cells with an elaborate mem- 
brane, clearly composed of a definite number of regularly 



Fig. 170. A-I), Peridinium cincturn Ehrenb. var. Lemmermanni G. S. 
West (after G. S. West, x 500), from Sutton Park, Warwickshire; A, ventral, 
and 11, dorsal views ; C, epivalve; D, hypovalve. r, rhomboidal plate; and 
ventral apical plates; da} and da}y dorsal apical plates; da® and da^, two 
of the precingular plates; ani^ and anP, antapical plates; I-V, postcingular 
plates. E-G, P. anglicum G. S. West (after G. S. West, x 500), from Sutton 
Park, Warwickshire; E, dorsal and F, ventral views; G, cyst within old 
wall. 


^ .Schiitt, Sitz.-Ber. Akad. Wiss. Berlin, 1892, p. 377; Kofoid, Archiv 
f. Protistenkundc, xvi, 1909, p. 25; West, loc. cit. p. 186; Virieux, Comptes 
Hondiis .Soo. Biol, i.xxvi, 1914, p. 534. 
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arranged plates (ef. below), in general ©utline ovoid or sub- 
circular, sometimes produced into two or more spiny teeth at 
one or both extremities; end-view invariably reniform (fig. 170, 
C, D) owing to the slight concavity of the ventral surface; 
transv. furrow faintly spiral, broad, and usually with projecting 
rims, situated slightly but distinctly below the middle of the 
body, so that the antapical half is smaller than tlie apical 
(fig. 170, K); longit. furrow broad and evident, extending beyond 
the transv. one for a variable distance into the apical half of 
the individual. Chrornats. numerous small rounded dises, pale- 
or dark brown in colour; stigma usually absent. Resting cysts 
spherical, with a simple, but firm membrane (fig. 170, G). 

The plates of the epivalve (usually 11-14) are more numerous 
than those of the hypo valve (almost invariably seven). In the 
former one distinguishes the plates immediately adjacent to the 
apex as the apical plates (fig. 170, C, va^y va'^, da^)y whilst 
those adjacent to the girdle are known as the precingular plates 
(da^y da^y etc.); of the latter there are always seven, whilst the 
number of apical plates varies. In many sp. of the genus one 
finds on the dorsal surface of the epivalve from 1- 8 plates which 
intervene between the apicals and are spoken of as intercalary 
plates. The actual apex of the epivalve may be occupied by a 
single plate (e.g. P, bipes Stein), but is more usually covered by 
several plates (e.g. P, tabulaturn Clap. & Lachm.). Occupy- 
ing the middle of the ventral surface, and extending from the 
upper end of the longitudinal furrow cither to the apex or close 
up to the apex of the epivalve, is a characteristic rhomboidal 
plate (“ Rautenplatte ” of the Germans (fig. 170, C and F, r)); 
this is one of the apical plates. 

The hypovalve similarly consists of two antapical plates 
(fig. 170, D, ant) and five ^ostcingular plates (I-V), adjacent to 
the girdle; the former cover the posterior extremity of the 
individual, while the latter are interrupted on the ventral surface 
by the longit. furrow. The nomenclature of the plates here 
adopted is that introduced by Kofoid (loc. cit. p. 40) which has 
many advantages over the older systems ; he advocates a designa- 
tion of the individual plates of each series by numbers, starting 
from the longitudinal furrow and following the direction of the 
transverse cilium. There seems no doubt that the transverse and 
longitudinal furrows of the membrane are likewise occupied by 
a series of plates, but these are not easily recognisable and are 
at present imperfectly known. The girdle often becomes detached 
as one ring-shaped piece. 

It is usual to group the sp. of this genus in two sections, viz. 
Poroperidinium in which the apical pole is prolonged into a more or 


26 
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less distinct tip which is pierced by an open pore, and Cleistoperi- 
dinium in which the apical pole is bluntly rounded and destitute of 
the pore. The genus is well represented in Brit, freshwaters and there 
are records of 15 sp. Among the most widely distributed are P. Willei 
Huitfeldt-Kaas, P. cinctum Ehrenb. (fig. 170, A-D), P. tabulatum 
(Ehrenb.) Clap. & Lachm. {Glenodinium tabulatum Ehrenb.), and 
P. inconspicuum Lernm.; of these the first two belong to the section 
Cleistoperidinium and, like P. tabulatum^ are conspicuous members 
of the plankton, though P. cinctum is also met with in small ponds 
and ditches. Another plankton-sp., P. Westii Lemm., is only known 
from the Scottish lochs. P. inconspicuum is one of the smallest sp. 
(15-18 1.; 12-15 br.), whilst P. Willei is one of the largest (51-61 1.; 
53-64 br.). The former sp. is distinguished by the delicate, not 
ornamented, plates of which its wall is composed. In P. tabulatum, 
P. Willei, P. cinctum, and P. Westii the plates are provided with 
prominent areolations and connected by transv. striated intercalary 
bands, whilst in P. anglicum G. S. West (50-58 1. ; 42-48 br.) (fig. 170, 
E-G) the plates bear numerous fine spines. A closely allied sp., 
P. Marssonii Lemm., distinguished from the last by its concave 
plates, is not uncommon in certain kinds of pools (Griffiths, 1923, 
p. 188 et seq.). 

G. S. West has contributed valuable observations on the periodicity 
of some of the lowland sp. and the conditions governing cyst-forma- 
tion. 

Ceratium Schrank, 1793^. Cells with an elaborate membrane 
composed of a definite number of areolated plates, connected 
by rather narrow sutures, and with a large rhombic unsculptured 
hyaline area on the middle of the ventral surface (figs. 168, D; 
171, A); ventral area probably homologous with what has 
above been called the longitudinal furrow of Peridinium (cf. 
Kofoid, loc. cit. p. 29). Cells asymmetric, strongly flattened in 
the dorso- ventral plane, produced into one apical and two or three 
antapical horns of more or less considerable length; transv. 
furrow nearly horizontal in its course, but interrupted by the 
ventral area, and dividing the body into two approximately 
equal, but dissimilar halves ; longit. furrow confined to the anta- 
pical half, extending in an oblique direction from the transv. 
furrow towards the antapical pole along the edge of the ventral 
area; wall composed of apical, precingular, postcingular, and 
antapical plates as in Peridinium, the apical horn being formed 

^ Lauterborn, Zeitschr. wiss. Zool. lix, 1895, p. 167; Zederbauer, loc. cit.; 
West, loc. cit. p. 192; Bachmann, 1907, p. 55; Kofoid, Zool. Anzeiger, 
xxxii, 1907, p. 177, and Bull. Mus. Comp. Zool. Harvard, ui, 1909, p. 213; 
Krause, Internal. Rev. Hydrobiol. u. Hydrogr. iii, 1910, p. 181; Werner, 
Ber. Deutsch. Bot. Ges. xxviii, 1910, p. 103; Joergensen, Monogr. d. Gatt. 
Ceratium Schrank, Leipzig, 1911 ; Huber andNipkow, Zeitschr. f. Bot. xiv, 
1922, p. 337, and Flora, cxvi, 1923, p. 114. 
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by a number of apical plates, whilst of the antapical horns one 
arises from the single antapical plate, the others from one or 
two postcingular plates. Chromats. small, discoid, yellow-brown : 
stigma absent; cytoplasm often with reddish oil-droj^s. Multi j)l. 
by div. during movement (cf. p. 395). Resting cysts thick- 
walled, with a number of blunt processes (lig. 171, H); with 
reference to their germination, see especially Huber and Xi})kow 
(1922). 



Fig. 171. A, Ceratium hirundinella O. F. M. (after Schilling), 4-lioriie(l 
form, ventral surface. B, the same (after G. S. West, x 150), a-horned form, 
with cyst. C-D, C. cornutum Clap. & Lachm. (after Schilling, from 
Oltmanns); C, early stage in division; D, young individual assuming the 
mature shape. 


Of the four sp. recorded from Brit, freshwaters, C. hirundifieUn 
O. F. M. (C. macroceras Schrank) (fig. 171, A, B) is an exceedingly 
abundant and typical constituent of the plankton of all larger pieces 
of water; according to Griffiths (1923, p. 204) it is almost always 
associated with deep water, and this is attributed to the presence 
of sediments lying in a region poor in oxygen. The cells are provided 
with long horns and vary very much in size, the largest individuals 
reaching as much as 400 fx in length. The antapical horns are two or 
three in number and, both in this respect as well as in the relative 
lengths of the different horns and their size as compared with the 
main body of the cell, there is a great deal of variability. Continental 

26 -a 
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observations on the occurrence of this ubiquitous sp.^ have frequently 
demonstrated a certain periodicity in the appearance of 3- and 4-horned 
forms, but this has not been noted in Gt Britain (cf. West, 1016 a, 
p. 437). C. cornutum Clap. & Lachm. (fig. 168, D), a less graceful 
sp. with a more massive body and the apical horn inclined obliquely 
to the long axis of the cell, whilst the antapical horns are relatively 
short, is likewise widely distributed in the plankton of our lakes, but 
is also encountered in ponds; cells 97-150 1. and 48-75 br. According 
to Schilling (loc. cit. p. 54) this sp. is dependent on low temperature 
and adequate oxygen-supply. The much rarer C.curvirostre Huitfeldt- 
Kaas, which appears to be confined to the plankton, is characterised 
by the sickle-shaped curvature of the apical horn. 

' cf. the summaries given by Bachmann, Mitteil. Naturf. Ges. Luzern, 
VI, 1911, p. 68; Lemmermann, 1910, p. 643; and Schilling, loc. cit. p. 57. 
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This appears to be but a very small class comprising a few 
highly specialised unicellular flagellate types of relatively large 
dimensions, none of which has yet been adequately studied^. 
Unlike the Chrysomonadales or Cryptomonadales no simply 
organised motile forms are known, nor have any palmelloid or 
filamentous members so far come to light. Whether the former 
are extinct, or the latter have never been evolved, only further 
research can show. The numerous discoid chromatophores (fig. 
172, A) have a bright green tint, of a different shade to that of 
the Heterokontae, but, as there, due to an excess of xanthophyll, 
so that a blue-green colour is obtained with hydrochloric acid. 
Food -reserves are stored as oil. For 


these reasons an affinity with the 
Heterokontae has been assumed, 
but there is no other evidence 
pointing in that direction, and with 
our present knowledge the Chloro- 
monadales are best regarded as an 
isolated class of uncertain affinities. 

The individuals have two api- 
cally inserted cilia (fig. 172), one 
of which is directed forwards, while 
the other trails behind along the 
ventral surface which often ex- 
hibits a distinct groove. There is 
usually a complicated system of 
contractile vacuoles near the an- 
terior end. Reproduction is effected 
by longitudinal division of the rest- 
ing individuals, which become en- 
veloped in copious mucilage. Cysts 
are also recorded. 

The only member of the class so 
far known to occur in the British 
Isles is 



Fig. 172. Vacmlaria virescens 
Cienk. (after Senn, from Engler- 
Prantl, Natiirl. Pflanzenfam.) ; A, 
motile individual ( x 590) ; B and 
C, anterior extremity greatly 
enlarged, to show the vaeuolar 
system (v). 


Vacuolaria Cienkowski, 18702. Unicellular, motile, naked. 


^ The most recent account of the group is that of Pascher (1918, p. 175) ; 
cf. also Lemmermann, 1910, p. 478. 

2 Cienkowski, Archiv f. mikroskop. Anat. vi, 1870, p. 426; Klebs, 
Zeitschr. wiss. Zool. lv, 1893,' p. 392; Dangeard, Le Botaniste, xi, 1910, 
p. 184. 


406 CLASS VII. CHLOROMONADALES 

with a very delicate but often distinct periplast, highly metabolic ; 
movements slow, accompanied by continuous rotation; indivi- 
duals when at rest ovoid or pyriform, slightly dorsiventral, with 
a broad rounded posterior and a narrower anterior end. Nucleus 
large and distinct, a little above the middle ; chromats. numerous, 
discoid ; contr. vacs, anterior, several, uniting to form one or two 
vesicles which discharge to the exterior (fig. 172, B and C); cilia 
two, coarse, almost equal, arising from a slight apical depression; 
no eye-spot. Reprod. by div. (cf. above). Cysts spherical with 
a thick mucilage-envelope. 

V. virescens Cienk. (fig. 172) has in recent years been twice recorded 
from the Brit. Isles ; cells 50-160 1. It is probably widely distributed, 
but as it usually occurs as solitary individuals and tends to be a 
mud-form, it is easily overlooked. 
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The Euglenineae represent another class of highly differentiated 
Flagellates whose origin is obscure. Like the Chloromonadales, 
they do not appear to have evolved beyond the phase of the 
ordinary motile individual and its immediate derivatives. There 
are no “algal” members of this class. The Euglenineae, however, 
are extremely successful at the present day, playing a consider- 
able role in waters rich in organic nutriment and in those 
harbouring abundant vegetation. Not uncommonly they 
occur in such numbers as to give a characteristic coloration to 
the water, green for example in the case of Euglena viridis 
Ehrenb. (fig. 1, H), red in the case of J5. sanguinea Ehrenb., or 
brown as in that of species of Trachelornonas^. 

In the ordinary state the individuals are motile with the help 
of one, or more rarely two (e.g. Evireptia (fig. 173, G)) long and 
rather thick apical flagella; the accounts of their structure are 
contradictory 2. The flagella are easily seen in the living organism, 
but are frequently cast off in preserved material. While many 
Euglenineae swim freely, others chiefly exhibit a creeping move- 
ment in contact with some substratum (e.g. Peranema^ some 
Euglenas), The shape of the individuals is very diverse, but they 
are often approximately round in cross-section, though very 
prominently flattened in Phacus (fig. 173, H, I). The bounding 
layer or periplast is relatively soft in many species of Euglena^ 
as well as in Trachelomonas, and in such cases the individuals, 
during life, show very marked metaboly, especially at times 
when active movement with the help of the flagellum is not 
taking place. Many Euglenineae {Lepocinclis (fig. 173, C, D), 
Phacus^ many Euglenas (fig. 173, A, B)), on the other hand, have 
a rigid periplast that does not admit of change of shape; in such 
cases it frequently exhibits a characteristic longitudinal or 
spiral striation (fig. 173, D, F, I). The posterior end of the 
individual is commonly drawn out into a more or less sharply 
demarcated point or spine. 

There are mostly several or even numerous chloroplasts which 
are pure green (fig. 173); in shape they are usually either discoid, 
lobed, or band-like, the last-named being occasionally arranged in 

^ cf. Zacharias, Forschungsber. Biol. Stat. P15n, x, 1903, p. 300 ; Naumann, 
Bot. Notiser, 1911, p. 245, and 1913, p. 249. 

2 cf. Dellinger, Journ. Morph, xx, 1909, p. 190; Hamburger, Sitzber. 
Heidelberg Akad. Wiss. 1911, No. 4 (cited from Oltmanns, 1922, p. 45). 
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characteristic stellate ^^roups {Euglena viridis Ehrenb. (fig. 

The products of assimilation appear as solid, often large, granules 
of paramylon^ of very diverse shape (discs, rods, rings, etc. (cf. 
fig. 178)) which is generally constant for the species. Paramylon 
is a polysaccharide which fails to stain with iodine or chlor-zinc- 
iodidc, but is dissolved both by concentrated sulphuric acid and 
by potash; formalin often brings about a gradual solution. When 
the grains are subjected to dilute (6 per cent.) potash they 
swell and then often exhibit a concentric stratification (some- 
times visible without special treatment) like that of starch- 
grains, which they also resemble in being doubly refractiv^e. The 
central poition of the grains appears to be less dense than the 
peripheral. In many species of Euglena the paramylon-grains 
arise in direct contact with the chloroplasts, but in other cases 
(e.g. I^haois, Lepoci nclis) there is no such definite relation, and 
it would seem that in many Euglenineae the grains are built 
up from soluble substances apart from the chloroplasts Whilst 
they undoubtedly increase in size or luimber during active 
j)hotosynthesis and decrease during starvation, especially the 
larger characteristically shaped grains would in many cases 
aj>])ear to possess a rather marked degree of persistence. In 
se\’eral species of Euglena and Tracheloynonas the chloroplasts 
possess a so-called ''pyrenoid” which bulges prominently 
(fig. 178, E); such pyrenoids are either naked or provided, on 
one or both sides, with a sheath of paramylon having the shape 
of a watcli-glass. Many Euglenineae also store fat-globules as 
a food-reserve. 

The vacuolar system is complex. The periplast is invaginated 
at the anterior end to form a short narrow canal leading down 
to a large and prominent contractile vacuole (cf. fig, 178, B, 
Jv-ll). Near the latter are one (e.g. Phacus pleuronecies Duj.) 
or more (e.g. Euglena deses Ehrenb. (cf. also fig. 178, G)) accessory 
vacuoles which sooner or later fuse with the main one, after 
wliich the latter gradually contracts to its original dimensions, 
no doubt discharging into the canal. During the gradual en- 
largement of an accessory vacuole a rosette-like group of minute 
^’acuoles appears around its periphery and, as the former fuses 
with the main vacuole, the members of the rosette unite to form 
a new accessory vacuole. In many Euglenineae a prominent 
eye-spot is situated near the main vacuole (fig, 173, s). 

The flagella usually arise from the canal and, in several species, 

^ cf. Schmitz, 1882, p. 155; Biitschli, Archiv f. Protistenk. vii, 1906, 
p. 197; Molisch, Mikrochemie, 1923, p. 390. 

- This ^ evident also in the production of paramylon in the colourless 
forms that lack plastids. 
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it has been shown that they extend back to the posterior end of 
the main vacuole, where they are connected with a basal granule ; 
in some Euglenas the flagellum forks on entering the vacuole, 
one of the two forks bearing the basal granule. In some cases 
{E. sanguinea), moreover, these forks appear to be prolonged into 
the cell, terminating in a special granule located near the 
nucleus^. The latter is usually large and prominent and exhibits 
a central “nucleolus” around which the chromatin is radially 
distributed (fig. 173, n). In the nuclear division of Euglena’^ no 
spindle is formed, the chromosomes grouping themselves around 
the drawn-out nucleolus and ultimately separating into two 
groups about the two halves of the latter. 

In the majority of cases the individuals are naked, but in 
Trachelomonas (fig. 174, C, F) and Ascoglena (fig. 174, D) they 
are enclosed within a special envelope separated from the pro- 
toplast by a well-marked space and provided with an apical 
aperture for the emergence of the flagellum (cf. Coccomonas 
among Chlamydomonadales, Chrysococcus among Chrysomona- 
dales). In Trachelomonas the individuals are free-swimming, 
but in Ascoglena the soft and wide envelope is attached to 
filamentous Algae. A similar epiphytic habit is seen in Colacium 
(fig. 174, A), where the motionless individuals are situated at 
the end of a simple or branched system of mucilage-stalks; a 
flagellum is only acquired in connection with reproduction. 

A considerable number of the genera of Euglenineae are 
permanently colourless {Astasia, Peranenia), such forms being 
altogether devoid of plastids and leading a saprophytic existence ; 
in Peraneina and its allies holozoic nutrition is effected with the 
help of a special rod-shaped organ, acting as a kind of suction- 
pump and located at the anterior end of the individual. Colour- 
less forms are also known in the genus Euglena'^, E, gracilis 
Klebs, when grown in culture-solutions in the dark, becomes 
colourless, although retaining its plastids; on exposure to light 
the latter again become green. It has been shown, however, that 
in cultures individuals of this species can arise that lack plastids 
and are therefore permanently colourless ; Ternetz suggests that 
this is due to one of the chloroplasts of a given individual losing 
the faculty of division, so that after a certain number of genera- 
tions some of the offspring would be colourless^, Euglena 

^ cf. Wager, Journ. Linn. Soc. Zool. xxvii, 1900, p. 472; Haase, Archiv 
f. Protistenk. xx, 1910, p. 49. 

2 cf. Tschenzoff, Archiv f. Protistenkunde, xxxvi, 1916, p. 137, where 
earlier references are given. 

* cf. Zumstein, Jahrb. wiss. Bot. xxxiv, 1900, p. 184; Ternetz, ibid, li, 
1912, p. 435. 
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quarto na Moroff and Trachelomonas reticulata Klebs are perman- 
ently colourless and devoid of plastids. 

Reproduction is as usual effected mainly by longitudinal 
division. In most Euglenincae the individuals come to rest, 
secrete an envelope of mucilage, and then proceed to divide, 
fission commencing at the front end of the protoplast. In certain 
forms (e.g. Euglena) the cells tend to round off at these times and 
may divide again and again to form palmelloid groups, easily 
distinguished from the similar stages found in other classes by 
the presence of paramylon. Thick-walled cysts are often formed 
in the species of Euglena, An isogamous sexual process, involving 
the fusion of amoeboid gametes, has been recorded by Haase 
(loc. cit. p. 52) for Euglena sanguinea Ehrenb., but this requires 
confirmation. DobelP has described a fusion of ordinary 
individuals, accompanied by nuclear division and abortion of 
one of the two resulting nuclei of each gamete, in Scytomonas 
pusilla Stein {Copromonas suhtilis Dobell), a saprophyte in the 
alimentary canal of the frog. 

Lemmermann^ is responsible for the most recent systematic 
treatment of the Euglenineae which are classed in three families, 
viz. : 

1. EuglenacenCy mostly with radial organisation, usually with 
chloroplasts, and division generally in the resting condition. 

2. Astasiaceaey with radial organisation, no plastids, and division 
in the motile phase. 

3. Peranemaceae with dorsiventral organisation, no plastids, and 
often showing holozoic nutrition. 

In conformity with the scope of this book, only the pigmented 
Euglenaceae are dealt with below. The British genera can be deter- 
mined with the help of the following key : 

A. Individuals free-swimming, not epiphytic 

a. With a single flagellum 

1. Naked, without a special envelope 

* Cells often metabolic, often elongate, paramylon-grains 
showing div’^erse shape and arrangement Euglena 

♦♦ Cells with a rigid periplast, large paramylon-grains 
t Cells not flattened, usually with two lateral ring-shaped 
paramylon-grains Lepocinclis 

tt Cells markedly flattened Phacus 

2. Cells with a firm, usually brown-coloured envelope® 

Trachelomonas 

b. With two flagella Eutreptia 

^ Quart. Journ. Microscop. Sci. lii, 1908, p. 75. 

- Leininermanii, 1910, p. 484; Lemmermann, in Pascher, 1918, p. 115; 
see also Klebs, Uiitcrs. Bot. Inst. Tubingen, i, 1883, p. 236. 

^ cf. ChrynococcuSy p. 322. 
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B. Individuals epiphytic, sometimes colonial 

a. Individuals solitary, with a wide relatively soft envelope 

Ascoglena 

b. Individuals on simple or branched mucilage-stalks, naked 

Colacium 

Euglena Ehrenberg, 1838^ Motile, with a short or very 
elongate flagellum, and a soft or more or less rigid, rather coarse 
periplast which is often longitudinally or spirally striated (some- 
times with lines of small warts), often markedly metabolic ; cells 
commonly elongate-lanceolate or spindle-shaped, sometimes 
spirally twisted and occasionally produced into a colourless tip 
at the posterior end. Chloropl. usually numerous and discoid, 
but band-shaped in some sp. and then often aggregated to form 
one, two, or more stellate groups (or single star-shaped chloropl.? 
(cf. flg. 1, H)); “pyrenoids” occasionally present, naked or with 
a paramylon-sheath ; paramylon-grains few or many, in the 
former case often only two ring- or rod-shaped ones, the one 
anterior, the other posterior (fig. 178, B, F), in the latter ease of 
diverse form (rods, ovoid bodies, discs, etc.); eye-spot mostly 
present. Accessory contr. vacs, one or several. Reprod. by longit. 
div. of individuals, usually enveloped in mucilage. Cysts with 
a thick stratified membrane. Sex. reprod. by fusion of amoeboid 
isogamous gametes recorded mE. sanguinea Ehrenb. (cf. p. 410). 

Sp. of Euglena are exceedingly common in small stagnant ponds, 
especially such as are rich in organic matter (e.g. farmyard ditches). 
The irregular cycles often follow immediately on the periodical dying 
away of the filamentous Algae and other aquatics (cf. Fritsch and 
Rich, 1913, p. 52). In some cases the individuals constitute a green 
film on the surface of the water, while the resting-stages often form a 
conspicuous red coating on the surface of drying mud. 

Eight Brit. sp. have been recorded, but many others certainly 
occur. One of the commonest is E, viridis Ehrenb. (fig. 1, H), with a 
single stellate group of band-shaped chloropl. and a delicate striated 
periplast; the cells are highly metabolic, 52-57 1. Three large and 
striking sp., that exhibit little metaboly, are E. oxyuris Schmarda, 
E. tripteris (Duj.) Klebs, and E, spirogyra Ehrenb. (fig. 173, F). The 
first two are always spirally twisted and the same feature may be 
shown by the last ; all three exhibit prominent striation of the peri- 
plast, which is longit. in E, tripteris and spiral in the two others; 
E, tripteris has two large rod-shaped paramylon-grains, whilst in the 
others there are two ring-shaped ones. Rod-shaped paramylon- 

^ cf. Wager, Dellinger, Hamburger, and Haase, loc. cit.; Schmitz, Jahrb. 
Wiss. Bot. XV, 1884, p. 2; Klebs, loc. cit. p. 297; Dangeard, Le Botaniste, 
vixi,1901, p. 182; Naumann, Skrift. SOdra Sverig. Fiskerifbren. No. 12, 1914; 
van Oye, Bull. Soc. Roy. Bot. Belgique, lvi, 1924, p. 124; Deflandre, Rev. 
Algol. I, 1924, p. 235. 
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grains are also seen in E. acus Ehrenb. (fig. 173, A, B) which is 
characterised by its narrow spindle-like form (140-180 1.), with delicate 



A E If I g 


Fig. 173. A-B, Euglena acus Ehrenb.; A, after Deflandre, x375; B, after 
Klebs, X 300. C— D, Lepocinclis ovum (Ehrenb.) Lemm.; C, after Stein, 
x490; D, form, showing the .two large lateral paramylon-grains (after 
Fritsch, x600). E, Euglena polyrnorj^a Dang, (after Dangeard, x525). 
F, E. spirogyra Ehrenb. (after Lemmetmann, x325). G, Eutreptia viridis 
Perty (after Lemmermann, x200). H, ^hacus pleuronectes (O. F. M.) Duj. 
(after Senn, from Engler-Prantl, Natiirl. l*flanzenfam. x750). I, P. longi- 
cauda (Ehrenb.) Duj. (after Lemmermann, x 590). w, nucleus; p, pyrenoid ; 
Sy stigma. 

spiral striation of the periplast. In E, sanguinea Ehrenb. the indi- 
viduals are coloured red by haematochrome. The resting-stages 
exhibit a similar dolour in several other sp. 
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Lepocinclis Perty, 1852^. Motile, with a more or less elongate 
flagellum and a rigid usually spirally striated pcrij)last, not 
metabolic; cells circular in cross-section, in general shape o\'oid. 
elliptical, or lanceolate-elliptical, often with a straight pointed 
posterior spine. Chloropl. numerous, discoid, parietal; para- 
mylon-grains usually two, large and ring-shaped, laterally dis- 
posed (fig. 173, D); “pyrenoids” absent; eye-spot occasionally 
present. Reprod. by div. as in Euglena, Rcsting-stages like tlie 
ordinary individuals, but devoid of the flagellum. 

The genus is closely allied to Euglena. The sp. are found in the same 
habitats as those of the latter, although often favouring rather cleaner 
water; they are widely distributed, but usually occur in small 
numbers. Of the three Brit, sp., L. ovum (Ehrenb.) I.emm. (fig. 173, 
C, D; 30-38 1.) is the commonest. L, Steinii Lemm. differs in the 
possession of short spindle-shaped cells (22-30 1.) and the almost 
longit. striation of the periplast. 

PhacuA Dujardin, 1841 ^ Motile, with a short or elongate 
flagellum and a rigid, usually longit. or spirally striated periplast, 
the striations sometimes bearing spines or warts, not metabolic: 
cells mostly prominently flattened, often with one surface 
slightly convex and the other slightly concave, the flat faces 
roughly oval or elliptical in outline, the posterior end usualls' 
pointed and often prolonged into a short or long spine which is 
sometimes turned to one side; eells oeeasionally twisted, the 
periplast in some sp. with a fold or keel running more or less 
longit. over part or over the whole of the convex (dorsal) surface. 
Chloropl. numerous, discoid, parietal; sometimes one or two 
large paramylon-grains, sometimes numerous small rounded or 
elongate grains, occasionally none; “pyrenoids’’ absent; eye- 
spot rare. Reprod. as in Lepocinclis: resting-stages little known, 
with a thick mucilage-envelope. 

About ten Brit. sp. are known and several of them are common in 
the habitats frequented by Euglena and Lepocinclis. Such are P. 
pleuronectes (O. F. M.) Duj. (45— 1«8 1.) (fig. 173, H) with a fold on the 
convex side extending to the middle of the cell, P. longicatida (Ehrenb.) 
Duj. (80-115 1.) (fig. 178, 1), and P. caudata Hubner (45 1.) with the 
fold extending the whole length of the convex surface ; all three have 
one or two large ring-shaped paramylon-grains, whilst the first and 
last have a slightly twisted body. Most of the other sp. seem to be 
very local. Of P. pleuronectes a colourless var. hyalino is known which 
sometimes occurs in enormous quantities in old cultures. 

^ Lemmernianii, Ber. Deutsch. Bot. Ges. xix, 1901, j). 87; Fritsch, 1914, 
p. 349. 

^ Dangeard, loc. cit. p. 203, 
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Trachelomonas Ehrenberg, 1838^. Motile, with a usually 
elongate flagellum and a delicate unsculptured periplast, highly 
metabolic, the protoplast loosely encased in a spherical, ovoid, 
oblong, or otherwise shaped, rigid envelope, from which it may 
at times escape; the envelope smooth, granulate, spiny, hispid, 
etc., at first hyaline, later generally coloured yellow, brown, or 
dark brown by iron salts and then more or less obscuring the 
protoplast, the flagellum emerging at the anterior end through 
a wide circular aperture, the rim of which is often thickened or 
produced as a cylindrical collar. Chloropl. two curved plates or 
numerous discs; paramylon present or absent, in the form of 
small grains; “pyrenoids” often present; eye-spot frequent. 
Reprod. by longit. or transv.^ div., one daughter-individual 




Fij^. 174. A, ColaciuM arbmcula Steia (after Stein, x490). l^^/trachelo- 
monos volvocina Ehrenb. (after Lemniermann, x 420). C, T. hispida (Perty) 
Stein (after Lemmermann, x355). D^yAscoglena vaginicola Stein (after 
I^mmermann, x 325). E-II, Trachelomonas inconstans Carter (after Carter, 
E-G, X 890; H, x 600) ; F, living individual ; H, shows structure of envelope. 

retaining the envelope and flagellum of the parent, whilst the 
other forms a new flagellum, escapes through the flagellar 
aperture, and gradually secretes a new envelope. Resting-stages 
like the ordinary individuals, but devoid of a flagellum. 

The protoplast in most sp. of this genus is very imperfectly known, 
specific distinction being based almost entirely on the form and other 
characters of the envelope. Six sp. are recorded for the Brit. Isles. 
Of these, T. volvocina Ehrenb. (fig. 174, B), with a smooth spherical 
envelope (7-21 br.), and T. hispida (Perty) Stein (fig. 174, C), with an 
oval envelope covered with numerous fine spines (20-42 1. ; 15-26 br.), 
are very widespread and often occur in large numbers in stagnant 
pools; a number of varieties of each sp. is known. T. oblonga Lemm., 
with a smooth oblong envelope (18-16 1.), is rarer. In T. rugulosa 

1 Dangeard, loc. cit. p. 228; Conrad, Annales Biol, lacustre, viii, 1916, 
p. 198; Carter, New Ph^ol. xviii, 1919, p. 118; Skvortzow, Biol. Sungari 
Stat. Harbin, i, 1925, Heft 2. 

* cf. Lemmermann, 1910, p. 519. 
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Stein the spherical envelope (15-23 hr.) is provided with spiral 
ridges (fig. 2, B, p. 29). 

Eutreptia Perty, 1852 Motile, with two flagella of the length 
of the cell and a rather soft striated periplast, highly metabolic ; 
cells more or less spindle-shaped, attenuated or produced into 
a narrow process at the posterior end. Chloropl. numerous, 
discoid; paramylon-grains spherical, shortly cylindrical, etc.; 
“pyrenoids” absent; eye-spot present. Reprod. by div., as in 
Euglena, or in the motile condition. Cysts with a thick stratified 
membrane. 

So far there is only one record of E, viridis Perty (fig. 173, G), from 
Staffordshire (cf. Grove, 1920, p. 4); cells 49-66 1. and 5-13 br. 

AscQgkna Stein, 18782. Epiphytic, solitary; cells fusiform or 
broadly ovoid, with a distinct but soft periplast, metabolic, 
attached by their posterior end to the base of a cylindrical or 
urn-shaped roomy envelope which is of soft texture, yellow or 
brown in colour in older individuals, and provided with a wide 
aperture through which the single flagellum projects. Chloropl. 
numerous, discoid, with or without “pyrenoids” having a 
paramylon-s heath; eye-spot present. Reprod. as in Trachelo- 
monas, the one daughter-individual after a swarming period 
attaching itself to a substratum by its posterior end and secreting 
an envelope, which is at first very delicate and mucilaginous. 
No resting-stages known. 

Delf® records an unnamed sp. of this genus attached to various 
filamentous Algae in ponds on Hampstead Heath. A, vaginicola 
Stein (fig. 174, D) is a sp. that has often been recorded on the con- 
tinent. 

Colacium Ehrenberg, 1838^. Epiphytic on plankton-organisms 
(esp. Copepods), usually colonial, individuals devoid of flagella, 
situated at the ends of simple or branched mucilage-stalks ; cells 
with a thin mucilage-envelope, ovoid, spindle-shaped, or cylin- 
drical. Chloropl. numerous, discoid, with “pyrenoids” having 
a paramylon-sheath. Multipl. of cells by longit. div.; reprod. 
by s warmers (with a single flagellum and an eye-spot) which 
become attached by their front end and secrete a mucilage-stalk. 
No resting-stages known. 

C. arhuscula Stein (fig. 174, A) has been found epiphytic on free- 
swimming Rotifers in the Birmingham district. 

’ Klebs, loc. cit. p. 315. 2 Klebs, loc. cit. p. 816. 

® New Phytol. xiv, 1915, p. 68. 

* Dangeard, loc. cit. p. 199; Klebs, loc. cit. p. 321. 



CLASS X. RHODOPHYCEAEi 


Tins large class is almost entirely confined to the sea, the few 
freshwater representatives being in the main characteristic 
members of the algal flora of streams and rapids. The Rhodophy- 
ceac are distinguished by a complete absence^ of motile repro- 
ductive units, both the asexual cells (monospores and tetraspores) 
and the male cells (spermatia) being devoid of cilia, though 
apparently often endowed with some slight capacity for amoeboid 
movement. A possible flagellate origin is therefore merged in 
complete obscurity, the more so as practically all the known repre- 
sentatives of the class are typical and often highly differentiated 
filamentous or parenchymatous “algal” forms. It is probably 
at the present time quite futile to speculate as to the origin and 
affinities of this very sharply circumscribed class, and the 
attempts to relate the somewhat aberrant Bangiales to forms 
such as Prasiola^ or the Myxophyceae appear altogether rash 
in the present state of our knowledge. 

The Rhodophyceae exhibit a variety of colours from bright 
red and purple to dark brownish-reds, brownish-green, blue- 
green, and black. The colour is due to special pigments which are 
present in the chromatophores side by side with the ordinary 
green and yellow ones. In the majority of cases the pigment 
concerned is the water-soluble 'phycoerythrin^ which has been 
obtained in crystalline form and is of the nature of a protein. 
In a number of cases, however, a second pigment, phycocyanin^, 
exhibiting different shades of blue, occurs as well, and it is the 
varying combination of phycoerythrin, phycocyanin, and the 
ordinary pigments that conditions the diverse shades of colour, 
both in the different species and in the same species at different 
seasons. Possibly the species of Batrachospermum lack phycoery- 
thrin altogether, their colour being due to admixture of phy- 
cocyanin with the ordinary chloroplast-pigments. 

The chromatophores themselves are very varied — band- 

^ Of the ninth class, the Phaeophyceae, no freshwater representatives 
are known to occur in Great Britain. 

^ Yendo’s record (Bot. Mag. Tokyo, xxxiii, 1919, p. 91) of the occurrence 
of motile micro- and macro-gametes in the Bangiales has been disputed by 
other Japanese workers (cf. ibid, xxxiv, 1920, p. 131) and cannot be accepted 
until fully confirmed. 

3 cf. Lagerheim, Ber. Deutsch. Bot. Ges. x, 1892, p. 872. 

* cf. Kylin, Zeitschr. f. physiol. Chem. lxxvi, 1912, p. 396, and Svensk. 
Bot. Tidsskr. vi, 1912, p. 533. 
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shaped, stellate, irregularly lobed bodies, or numerous small 
discs. The li.aiigiales are characterised by a single axile stellate 
chromatophore in each cell (cf. fig. 181); the central part is 
occupied by a large pyrenoid and the numerous rays often 
broaden out in the parietal cytoplasm. In the Rhodophyceae 
proper (Florideae) the chromatophores are generally parietal 
and two or many in number. Pyrenoids seem to be of frequent 
occurrence in the Nemalionales, but very rare in the higher 
Florideae. The characteristic assimilatory product is a polysac- 
charide, the so-called Floridean stardCy which appears in the 
form of small doubly refractive granules staining brownish or 
reddish with iodine. The grains sometimes accumulate in the 
neighbourhood of the pyrenoids without, however, usually 
forming a definite shell. 

The cells of the Red Algae commonly contain more than one 
nucleus when mature. In a large number of cases the relatively 
thick mucilaginous walls separating adjacent cells are provided 
with large pits (cf. fig. 176, D), occupied by broad protoplasmic 
strands connected by delicate cytoplasmic threads traversing 
the thin pit-membrane. The exact composition of the cell-wall 
is not adequately known in any case. 

The vegetative body is rarely built up of a simple unbranched 
(Bangia (fig. 181, F)) of branched filament {Chantransia (fig. 176), 
Ca//i7/iammon). More commonly the thallus is composed of an 
axis comprising a single row of large cells (Batrachospermurn 
(fig. 177)) or a series of parallel or interwoven longitudinal 
fil ame nts {Thorea (figT 179, A); Nemalion), from either of which 
arise numerous closely set whorls of richly branched laterals 
which may be so dens^^^ give rise to a more or less firm 
cylindrical structure {Thorea, Nemalion). In Lemanea (figs. 175, 
D; 178) the laterals are fitted together to form a compact paren- 
chymatous cortex. A somewhat different construction is seen in 
Compsopogon (fig. 179, C, D), where, much as in the marine 
Ceramium, a central axis of large cells is enveloped by a small- 
celled cortex. OtherTypes are exeriiplified by the 1- or ^-layered 
Iffat expanses of Porphyra and the crusts of Hildenhrandtia, 
which are composed of compactly arranged vertical filaments 
(fig. 180). These few statements are only indicative of the com- 
plex organisation of many Florideae, a detailed consideration 
of which (apart from that of the freshwater genera given below) 
is beyond the scope of this book. Growth in the filamentous 
types is mainly apical. 

^ cf. Schmitz, 1882, p. 151 ; Biitschli, Verb. d. Nat.-Med. Ver. Heidelberg, 
VII, 1903, p. 519; Kolkwitz, Wiss. Meeresunters., Abt. Helgoland, iv, 1900, 
p. ;18; Molisch, Mikrochemie, 1923, p. 388. 
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Sharply characterised as the Red Alg^e are by the pigmenta- 
tion of the chromatophbres arid the nature pf lEeTassimilatory 
product, it is the reproductive processes that give th^ripecis^ 
stamp to the class. In a few genera (Lemanea, Nemalion) the 
only method of reproduction known is a sexual one, but in most 
cases there is also asexual reproductipn of a distirictive type. 
The sporangia in which the spores arise are swollen, usually 
spherical, structures containing , a protoplast with bright red of 
otherwise coloured chromatophores and an abundance ofieserVe- 
substances; the contents are liberated* after rupture of the mem- 
brane, as a single naked monospore (Bangiales, Nemalionales, cf. 
fig. 176, B) or four naked tetra^QTe&> {the remaining Florideae) ; 
both kinds of spores are motionless and germinate direct to 
form a new thallus. In the higher Florideae the first nuclear 
division in the tetraspofangium is a reducing division^, and as 
a general rule the tetraspores are borne on other individuals than 
those bearing the sexual organs. 

The latter comprise antheridia and carpogonia, which are 
commonly found on distinct plants. The antheridia (fig. 175, C, a) 
are small rounded colourless cells which, in the loosely branched 
types, are situated in small groups at the extremities of the lateral 
branches {Batrachosperum)^ although in the more compact 
(marine) forms they are often embedded in the tissue of the 
thallus. Each antheridium produces a single colourless naked 
male cell or spermatium^. The female organ or carpogonium 
(figs. 175, B; 177, F) usually terminates a short branch and is 
commonly flask-shaped, being produced at its upper end into 
a more or less elongate process, the trichogyne {t), which serves 
as a receptive organ. The nucleus, chromatophores, and reserve- 
substances are located in the lower swollen part, whilst the 
trichogyne contains only colourless cytoplasm ; prior to fertilisa- 
tion the nucleus divides, one part passing into the trichogyne. 
There is no contraction of the contents of the carpogonium to 
form a definite female celP. 

The spermatia have approximately the specific gravity of the 
water into which they are shed and can float for some consider- 
able time. Their large numbers ensure contact with a trichogyne 
the tip of which is evidently more or less mucilaginous. At this 
stage the spermatium has acquired a delicate wall and, soon after, 

^ cf. for instance Lewis, Ann. of Bot. xxiii, 1909, p. 668. 

2 In Bdirachospermum there are traces of chromatophores in the sper- 
matium. 

^ cf. Davis, Ann. of Bot. x, 1896, p. 49; Schmidle, Bot. Zeit. lvii, 1899, 
p. 125; Osterhout, Flora, lxxxvii, 1900, p. 109; Kylin, Ber. Deutsch. 
Bot. Ges. XXXV, 1917, p. 155. 
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the membranes at the point of contact are dissolved, so that an 
open communication is established between the contents of 
spermatium and trichogyne (figs. 175, A; 177, F). In Batracho- 
spermum and Nemalion the nucleus of the spermatium undergoes 
division, but this is ap[)arently exceptional. In any case only 



Fig. 175. A, Ratrdchospermum moniliforme Roth, fertilised carpogoniiiia 
showing development of sporogenous threads (after Kylin, x850); .v, sper- 
matium. B, Chantransia cory^ifera Thuret, carpogonium (after Tluiret, 
x400); tf trichogyne. C, BcUrachospermum moniliforme Roth, branch with 
antheridia (a) (after Sirodot, x 800). D, Lemanea australis Atkins, (after 
Atkinson, from Oltmanns), longitudinal section of part of one of the bristle- 
like thalli; ax, axial thread; br, one of the four laterals arising from the 
axial thread; h, “hyphae” ; /, longitudinal threads (see p. 420) ; /, trichogyne. 

one spermatium nucleus passes down to the base of the carpo- 
gonium to fuse with the female nucleus. The trichogyne then 
becomes separated off by a plug of mucilage (fig. 175, A) and 
sooner or later shrivels up. 

Soon after fusion the nucleus of the zygote divides and one half 
passes into a lateral protrusion of the carpogonium which is 
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thereupon cut off by a separating wall; the other daughter- 
nucleus divides again and the same events are repeated. In this 
way a whole series of cells are formed around the periphery of 
thecarpogonium. These, in mostNemalionales(i^«/mc/zo^vpm?zmn, 
Lemanea), grow out into short sporogenous threads {go nim oblasts, 
cf. fig. 175, A), the terminal cell, or several cells, of which swell 
up to form carposporangia with a dense deeply coloured proto- 
plast. The contents of each such cell are liberated as a single naked 
carpospore which germinates immediately to form a new in- 
dividual. It has been shown for several Nemalionales that the 
first nuclear division of the zygote is a reduction division. The 
life-cycle of these forms is thus analogous to that of Coleochaete 
(cf. p. 180) and, looked at purely from the cytological point of 
view, the sporophyte is represented solely by the zygote, whilst 
the gametophyte occurs in two phases, the sporogenous threads 
producing carpospores and the ordinary individual producing 
monospores and sexual organs^. 

In the higher Florideae (which are almost entirely marine), 
however, the life-cycle is more complex. One or more cells are 
cut off from the fertilised carpogonium and these fuse with 
adjacent cells of the thallus {auxiliary cells) which are either 
located in the immediate neighbourhood of the carpogonium 
{Callithamnion, Ceramium) or at some distance away from it; 
in the latter case the cells cut off from the carpogonium develop 
into long septate threads which grow towards the auxiliary cells, 
probably under the influence of a chemotropic stimulus {Dudres- 
nay a). Fusion with the auxiliary cells is purely cytoplasmic, the 
nuclei involved remaining quite independent of one another, but 
the ultimate result of each such fusion is the production of a 
group of carposporangia producing carpospores similar to those 
of the Nemalionales. In the Florideae showing these f'eatures there 
is no reduction of chromosome-number when the zygote-nucleus 
divides and the resulting carpospores are diploid, not haploid as 
in the Nemalionales. They give rise to a diploid thallus bearing 
tetraspores and, as above stated, it is during the formation of these 
that reduction takes place. The tetraspores then give rise to a 
haploid thallus bearing sexual organs. This elaborate alternation 
is thus of a different type from that met with in the Nemalionales'^. 

In many of the higher Florideae the effects of fertilisation 
are ^not confined to the carpogonium, outgrowths arising from 
the underlying cells of the carpogonial branch and forming an 
‘nvestment around the carposporangial threads. 

^ cf. Cleland, Ann. of Bot. xxxiii, 1919, p. 323. 

* See Svedelius, Ber. Deutsch. Bot. Ges. xxxix, 1921, p. 178 ; Fritsch, New 
Phytol.xv, 1916, p. 247; Oltmanns, Morph, u. Biol. d. Algen, ii, 1922, p. 481. 
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The Red Algae are usually divided into: 

I. Bangiales {Bangia, Porphyra), with a thallus of simple 
structure without pits between the cells and with an axile stellate 
chromatophore in each cell; reproduction by monospores and 
sexually, the female organs simpler than those of the Florideae, 
the sperrnatia very similar. The relation of this group to the 
Florideae is not at all elear and there is possibly no close affinity 
Its few members are marine, except for Porphyridium (fig. 181, E, 
cf. p. 430), now usually regarded as a reduced member of the 
Bangiales, and Bangui atroimrpurca (Roth) Ag. (fig. 181, F) 
which is found in the estuaries of some British rivers. The latter 
appears in the form of unbranched basally attached filaments, 
at first consisting of a single row of cells which later become 
divided up by a large number of variously orientated walls. 

The genera Asterocystis (fig. 181, B-D) and Chroothece (fig. 
181, A), which have been regarded as meml)ers of the Myxo- 
phyceae by many systematists, have recently ^ been classed 
among the Bangiales by Paseher. They would certainly seem to 
have little in common with the bulk of the Blue-green Algae, 
but are so incompletely known that one is loth to assign an 
exact position among the Rhodophyeeae to them. Like Porphy- 
ridium they are here treated at the conclusion of the considera- 
tion of the freshwater Florideae 2 . 

II. Florideae^ comprising the main mass of the Red Algae 
and to which the bulk of the previous descriptive matter 
applies. They are usually classed in the four series Nemalionales, 
Gigartinales, Rhodymeniales, and Cryptonemiales, which are 
distinguished by the events following fertilisation and the mode 
of production of the carpospores. All the known British fresh- 
water forms belong to the Nemalionales, with the exception of 
Hildenbrandtia whose position is very uncertain; it is usually 
placed in the Cryptonemiales and is regarded by some as a 
non-encrusted member of the Corallinaceae (cf. p. 430). 

The following is an artificial key for the determination of the 
few British freshwater genera of Rhodophyeeae, including the 
reduced forms above referred to : 

A. Chromatophores various, but not stellate; cells connected by 
protoplasmic strands 

' Paseher, 1925, p. 138. In Engler and Prantl’s “Natiirliche Pflanzen- 
familien” (i Teil, Abt. ii, p. 314) Asterocystis is treated as a doubtful genus 
of the Bangiales, whilst Kirchner (Pflanzenfam. i Teil, Abt. i a, p. 54) 
advocates a reference of Chroothece to the same group; cf. however West, 
1916 a, p. 39. 

2 The writer, while not convinced of the relationship, is in no w'ay in 
favour of these genera being retained among the Blue-green Algae. 
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a. Thallus composed of simple branched filaments 

1. Filaments irregularly branched, older cells not usually 

invested by special cortical threads Chaniransia 

2. Filaments with dense whorls of lateral branches, appearing 

like beads of a necklace to the naked eye, older cells 
overgrown by cortical threads Batrmhospermum 

8. Filaments richly, but irregularly branched, the large cells 
of the older portions being covered by a 1 -layered 
parenchymatous cortex Compsopogon 

b. Thallus composed of coarse unbranched or branched cylin- 

drical threads showing a pseudoparenchymatous structure 

1. Thallus usually unbranched, bristle-like, with nodose 

swellings, reaching a length of 15-18 cms. Lemanea 

2. Thallus branched, soft, without swellings, densely clothed 

with hairs, 30-60 cms. long Thorea 

c. Encrusting aquatic form attached to stones, thallus composed 

of closely apposed vertical filaments Hildenhrandtia 

B. Chromatophores stellate, with a central pyrenoid, cells embedded 

in mucilage, not connected by protoplasmic strands 

а. Thallus filamentous, irregularly branched, blue or olive-green 

in colour Asterocystis 

б. Encrusting, terrestrial, composed of several layers of globose 

cells embedded in mucilage Porphyridium 

c. Cells singly or in pairs enveloped by mucilage, which forms 

a kind of stalk, on damp mud or rocks Chroothece 

Of these Chaniransia and Batrachospermum, with several 
purely marine genera, belong to the family Helminthocladiaceae, 
Lemanea to the Lemaneaceae, whilst Thorea^ Compsopogony and 
Hildenbrandtia are best regarded as genera incertae sedisy 
although undoubted Florideae. It is deemed most suitable to 
consider the genera alone here, without reference to the families 
to which they belong. 

Chaniransia Fries, 1825^. Freshwater and marine, the 
freshw. sp. forming dense tufts varying from about 8 to 7 mm. 
in height, of all shades of red, purple, and blue, not mucilaginous. 
Thallus composed of a branched, creeping, sometimes paren- 
chymatous, base, giving rise to an extensive projecting fila- 
mentous system, the numerous branches of which arise from the 
upper end of the parent-cell and are frequently much attenuated 
and almost piliferous. Chromats. several, discoid or oblong, 
pyrens. inconspicuous (or wanting?); cell-wall moderately thin, 
with marked pits in the septa. Asex. reprod. by monospores 
formed singly in oblong sporangia which are the terminal cells 
of short lateral branches; some sp. with tetraspores. Sex. 

^ Brand, Hedwigia, xxxvi, 1897, p. 300; and xlix, 1909, p. 107. 
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organs^ on different individuals: antheridia in clusters at the 


ends of short branches ; carpo- 
gonia singly, in a similar posi- 
tion, with a long trichogyne 
(fig. 175, B). The fertilised 
carpogonium puts forth numer- 
ous short sporogenous threads, 
the end-cells of which develop 
the carpospores. 

The carpospores of Batracho- 
spermum and Lmumea develop 
a protonema-like growth which 
bears a great resemblance to 
Chantransitty and many of these 
growths have been described as 
sp. of the latter genus. These 
Chantransia-stSLges, which repro- 
duce by monospores, may last 
indefinitely in dull light and thus 
the independence of most of the 
freshwater sp. of Chantransia is 
in question. In certain cases 
their relation to definite sp. of the 
two other genera has been in- 
dubitably established, but as such 
stages may in certain habitats 
appear year after year without 
giving rise to the mature form, 
their retention as “species” for 
systematic purposes is perhaps 
advisable. 

The freshwater sp. of Chan- 
transin are usually found attached 
to rocks and stones in rapid rivers, 
cataracts, and water-falls. There 
are some seven or eight Brit, 
freshwater sp., of which C. pyg- 
maea Kiitz. (fig. 176, A-C) and 
C. violacea Kiitz. are perhaps the 
most frequent; the latter forms 
violet or reddish cushions. C. 
pygmaea is probably a stage in 
the life-history of Batracho- 
spermum moniliforme Roth. 



Fig. 176. A, Chantransia pygmaea 
Kiitz., from Penyghent, W. Yorks 
(xlOO). B and C, branches of the 
same with “ monospores” (m) ( x 300). 
D, C. scotica Kiitz., from Cornwall; a 
small portion of the thallus showing 
the pits in the transverse walls (x 
400). 


^ The sexual reproduction has only been clearly recorded in C. corym- 
bifera Thur., a marine sp. (cf. Bornet et Thuret, Notes Algol., Paris, 1876, 
p. 17). 
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Batrachospermum Roth, 1797^. Freshwater only. T hall us com- 
posed of branched bead-like threads, sometimes reaching a length 
of 16-20 cms., v iolet, viokt-brown, blue-green, etc. in colour, 
enveloped in a thick coat of mucus. Thallus generally attached 
to stones or wood by a number of thick old shoots ^ which send 
off numerous loosely branched primary axes floating freely in 
tlie water; primary axes growing by means of a hemispherical 
ajiieal cell and composed of a row of large cells which are widest 
at the septa (nodes), where whorls of densely branched laterals 
consisting of more or less moniliform cells are produced, the 
dense whorls of lateral branches giving the plants the character- 
istic beaded appearance; from the basal cells of the lateral 
branches cortical threads grow downward ov er tlie cells of the 
main axes and ultimately form a complete cortex (fig. 177, C), 
from which secondary (intercalary) whorls of laterals can arise; 
apical cells of lat(*ral branches often produced into long hairs 
with a basal sheath. Chrornats. parietal, lobed, with a pyren. ; 
cells uninucleate. Asex. reprod. by monospores, usually confined 
to the juvenile stages (cf. below). Sex. organs on the mature 
thalli; antheridia spherical, in small groups at the ends of the 
idtimate braiu'hlets of the whorled laterals (fig. 175, C, a)\ 
carpogonia singly from the lower (inner) branches of the laterals, 
with a elavate trichogyne (fig. 177, F). Sporogenous threads 
and carpospores as in Chantransia (fig. 175, A). Carpospores 
giving rise to a filamentous juvenile “ C/ian/mn.9ia-stage ” (cf. fig. 
177, D, K) reproducing by monospores, and under suitable 
conditions of illumination forming several of the mature thalli 
which originate as lateral branches. 

The sp. of Batrachospermum (sometimes known as the “Frog- 
spawn Alga”) have a wide distribution in temperate and tropical 
climates. Most prefer deep water in which there is a slight current, 
more rarely they are found attached to stones in fast streams ; they 
scarcely ever occur in stagnant water, but are found frequently in 
bogs, usually at a point where a spring arises. There are two more or 
less abundant sp. of the genus in the Brit. Islands, B, moniliforme 
Roth (fig. 177, A) and B. vagum (Roth) Ag. (fig. 177, B), each with a 
number of varieties. The latter is distinguished from the former by 
the more or less uniform development of the lateral branches along 
both the nodes and the internodes of the inferior portions of the 

* Sirodot, Bull. soc. Bot. dc France, xxii, 1875, p. 128; Sirodot, Les 
Batrachospermes, Paris, 1884; Brand, Bot. Centralbl. lxi, 1895, p. 280; 
Sehmidle, loc. cit. 1899; Osterhout, loc. cit. 1900; Price, New Phytol. 
XIII, 1914, p. 276; Kylin, Nov. act. rcg. soc. sci. Upsala, ser. 4, in, 1912, 
No. 3, and loc. cit. 1917. 

- cf. W est, 1904, p. 37. Other authorities do not mention these prostrate 
shoots. 
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primary axes, so that the characteristic beaded appearance is some- 
what obscured. A third sp , B. atrurn (Dillw.) Harv., with very short 
lateral branches and long internodes, is less widely distributed. Sp. 



Fig. 177. A, Batracfiospemium numiliforme Roth, from Malham Cove, 
W. Yorks (x2). B-C, B. vagum (Roth) Ag., from Thursley Common, 
Surrey ; B ( x 2) ; C, single node with lateral branches, more highly magnified. 
D, germinating spore. E, juvenile stage. F, female organ and fertilisation; 
s, spermatium; c, carpogonium ; f, trichogyne. (D, E, and F after Schmidle.) 

of this genus commonly afford a home for epiphytes like certain sp. 
of CalothriXfHapalosiphon, HammaUndea^ etc., and numerous Diatoms 
and Desmids are frequently present in the enveloping mucus 

^ An excellent systematic account of the genus with abundant figures 
will be found in Sirodot, loc. cit. 1884, p. 199, and Pascher, 1925, p. 169. 
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Lemanea liory, 1808^ (inch Sacheno Sirodot, 1872). Freshwater 
only, eoniined to rapid torrents. Thallus up to 15-18 cms. long, 
trailing out in the current, stiff, thread- or bristle-like, tubular, 
torulosc (i.e. inflated at more or less equal distances), olive-green 
or greenish-black in colour and of a cartilaginous consistency, 
simple (Lonanea) or branched {Sacheria), The thallus (fig. 175, D) 
is built up of an axial filament {ax) of narrow very elongate 
hyaline cells, growing by means of an apical cell and giving 
origin just below the septa to horizontal whorls of four laterals 
(ef. fig. 175, 1), hr). Each of the latter consists of a large basal 
club-shaped cell bearing distally a number of branches, some 
of which pursue an almost longitudinal course (upwards and 
downwards parallel to the axial filament (fig. 175, D, 1 )) and 
produce numerous branches fitting compactly together to form 
a linn several-layered cortex, the outer cells of which are very 
small and deeply pigmented (see fig. 178, E). The swellings 
visible outwardly on the thallus are situated midway between 
the points of branching of the axial filament, which is separated 
from the conifiact cortex by a well-marked space (fig. 175, D). 
In the sp. of Lemanea proper the cells of the axial filament become 
surrounded by a series of twisted and slightly narrower threads 
('* hyphac” (fig. 175, 1), //)) which are outgrowths from the basal 
cells of the laterals and fill up part of the space just mentioned. 
Xo asex. reprod. observed. Antheridia spherical, borne on short 
cylindrical cells, which are crowded together at the “nodes’* 
(fig. 178, F), the antheridial areas forming either more or less 
complete rings {Lemanea (fig. 178, D)) or being situated on a 
number of mammilliform projections which are arranged in a 
verticillate manner {Sacheria) (fig. 178, B). Carpogonia singly, 
on short branches originating from the inner cortex in which 
the body is embedded, whilst the short simple or branched 
trichogyne projects slightly (figs. 175, D and 178, E, /). The 
numerous sporogenous threads grow inwards into the space 
around the axial filament; most of the cells swell up to form 
carposporangia, the carpospores being liberated on the decay of 
the thallus. Carpospores gi\ e rise to a C/mn^mn^ia-stage com- 
posed of a creeping base bearing caespitose tufts of branched 
filaments (3-8 mm. high), from which the mature thalli arise 
as lateral outgrowths; the juvenile stage is relatively persistent 
in Lemanea, but fugacious in Sacheria, 

The sp. of this genus occur attached to the rocks of water-falls, to 
stones and wood in mill-sluices, etc., always where the force of the 
water is greatest. They may be classed in two subgenera, viz. Lemanea 

^ Tliwaites, l*roo. Linn. Soc. London, i, 1840, p. 860; Sirodot, Ann, sci. 
nat., Hot., .> ser. xvi, 1872, p. 5; .Atkinson, Ann. of Bot. iv, 1891, p. 177; 
Brainl, Her. Deutsch. Bot. Ges. xiv, 1896, p. 185. 



CLASS X. RHODOPHYCEAE 427 

in which the thallus is usually unbranched, “hyphae” are developed 
around the axial filament, and the antheridial areas form more or less 
complete rings ; and Sacheria in which the thallus is usually branched, 



Fig. 178. A, Lemanea {Sacheria) mammillosa Kiitz. (nat. size), from 
R. Wharfe, W. Yorks. B, portion slightly magnified showing antheridial 
areas. C, L, torulosa Kiitz. (nat. size). D, portion slightly magnified 
showing antheridial areas. E, L. {Sacheria) fucina Bory, longitudinal 
section of filament showing carpogonium ; /, trichogyne. F, L, caienata 
Kiitz., transverse section of filament showing antheridial area ; cylindrical 
cell bearing antheridia (5). (D, E, and F after Sirodot.) 


there are no “hyphae,” and the antheridial areas are on verticillate 
eminences. The differences do not appear sufficient to warrant 
generic separation, as in the first edition of this work. 
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Five Brit. sp. are known. L. torulosa Kiitz. emend. Sirodot (fig. 
178, C and D) and L. parvula Sirodot, with somewhat undulate fertile 
threads, belong to the subgenus Lemanea, but the three belonging to 
Sacheria are much more frequent. These areL. fluviatilis C. Ag., which 
is usually blackish- violet in colour^; L, fudna Bory, yellow to olive 
in colour; and L. mammillosa Kiitz., which is dark green with very 
marked anthcridial prominences (fig. 178, A-B). The last is the most 
abundant. It has also been found on the west side of Loch Ness, 
Inverness, i.e. apparently in still water, where however there are 
likely to be numerous currents. 

Thorea Bory, 1808^. Freshwater only. Thallus of thin (1-1*5 
mm. diam.), soft, much branched cylindrical threads, often of 
considerable length (30-60 cms.), purple-brown or dark brown 
in colour, covered with a felt of densely pigmented hairs, very 
mucilaginous (fig. 179, B); the bulk of the thallus is composed 
of irregularly intertwined hyaline threads, which near the 
surface assume a more longitudinal course and here bear densely 
arranged laterals with a number of discoid, parietal chromats. 
in the cells (fig. 179, A) ; some of these branches are very elongate 
and project beyond the mucilage as the above-mentioned hairs. 
Monospores formed within the swollen terminal cells of the 
shorter peripheral branches. Sex. reprod. unknown, but 
structures like carpogonia are recorded by Schmidle (loc. cit.). 
The monospores on germination give rise to a kind of Chan- 
/mn6*m-stage, from which the mature plant is formed by inter- 
twining of some of the upright threads. 

This rare genus has been referred inter alia to the Phaeophyceae, 
but the pigment, the presence of starch-like granules in the cells, and 
the naked non-motile spores indicate a member of the Florideae. 
T. ramosissima Bory (fig. 179, A-B) has only once been recorded in 
Gt Britain (from Walton-on-Thames). 

Compsopogon Montague, 1850^. freshwater only. Thallus 
richly branched, filamentous, in the mature regions rather 
coarse, blue-green in colour; in the upper parts the thallus 
consists of a single row of rather flat cells (fig. 179, C), which 
exhibit prolonged enlargement and multiply by transv. div., 

^ Brand (loc. cit.) has described extensive vegetative reproduction in 
this sp. 

* M5bius, Ber. Deutsch. Bot. Ges. iX; 1891, p. 333, and x, 1892, p. 266; 
Pfeiffer v. Wellheim, Csterr. Bot. Zeitschr. xlvi, 1896, p. 315; Schmidle, 
Hedwigia, xxxv, 1896, p. 1 ; Hedgcock and Hunter, Bot. Gaz. xxviii, 1899, 
p. 425. 

* Montagne, Ann. sci. nat., Bot., s^r. 3, xiv, 1850, p. 298; Schmitz, in 
Engler-Prantl, Natiirl. Pflanzenfam., i Teil, Abt. ii, p. 318; Arcangeli, 
Bull. soc. bot. Ital. 1898, p. 228; Thaxter, Bot. Gaz. xxix, 19Ck), p. 259. 





\v 

t}'/ 

Wi/ 


CV D /t 


Fig. 179. A-B, Thorea ramosisHrna Bory ; A, part of a longitudinal section 
of a thallus (after Hedgcock and Hunter, x 225) ; the hairs {h) arc sliown 
bent back upon themselves; sp, a cell forming a monospore; B, habit (after 
Schmitz, from Engler-Prantl, Natiirl. Pflanzenfam., slightly reduced). 

C, Compsopogon caeruleus Mont., apex of a filament (after Schmitz, x 150). 

D, C. leptoclados Mont., part of mature filament (after Schmitz, x 150). 

basal parts of the thalli this cortex is lacking, but the cells are 
here commonly overgrown by septate rhizoids. Branching of 
the threads takes place before formation of the cortex. Cells 
uninucleate, with numerous small parietal discoid chromats. of 
a bluish colour. Monospores produced in deeply pigmented cells 
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which are cut off from some of the cells of the cortex. Sex. 
reprod. unknown. 

The sp. of Compsopogon inhabit running water and, with few excep- 
tions, appear to be confined to tropical and subtropical regions. 
C, leptoclados Montagne (fig. 179, D) has been recorded by Weiss and 
Murray^ from a part of the Reddish Canal, Manchester, where there 
is an influx of hot water from Cotton Mills along its banks. Like the 
sp. of Pithophora occurring in the same habitat (cf. p. 172) it is no 
doubt an introduction. 


Hildenbrandtia Nardo, 1845^ Freshwater and marine. Thallus 
encrusting, expanded, attached by the whole 
of its under surface, blood-red, dark red, 
rose, or brown in colour, composed of com- 
pact vertically arranged filaments with small 
subcubical or oblong cells arising from a 
compact substratum. Chromat. parietal; 
cell- wall firm and colourless. Vegetative re- 
prod. by detachment of parts of the thallus^. 

Asex. reprod. by tetraspores formed in 
rounded hollows (conceptacles) in the thal- 
lus. Sex. organs unknown. 



The only freshwater sp., H, rivularis (Liebm.) Fig. ISO. HildenbrancU- 
J. Ag. (fig. 180), occurs as dark red patches on ia rivularis (Liebm.) 
rocks and stones in streams and dripping places ; 

it rarely develops except in the shade and is section of thallus. b ] 
often found on the under side of projecting surface view (x400). 
rocky ledges in streams. The only method of C» two cells showing 
reproduction observed is vegetative. See also the chromatophores 
p.421. 


Porphyridium Naegeli, 1849^. Terrestrial, forming a thin flat 
stratum which, when damp, is mucilaginous and blood-red in 
colour, when dry forms thin brittle crusts of a brownish-red 
or greyish-brown colour; cells reddish-purple, globose (or 
angular as a result of drying), in several layers, embedded in 
colourless homogeneous mucilage, each individual cell provided 
with a delicate, somewhat firmer mucilage-sheath which may 


1 Mem. Manchester Lit. and Phil. Soc. liii, 1909, No. 14, p. 5. I am 
indebted to Prof. Weiss for the opportunity of examining slides of the Alga. 

* Carter, Journ. of Bot. 1864, p. 225; Lingelsheim and Schrfider, Ber. 
Deutsch. Bot. Ges. xxxvi, 1918, p, 271. 

® According to unpublished observations of the writer. 

* Naegeli, 1849, p. 71 ; Brand, Ber. Deutsch. Bot. Ges. xxvi a, 1908, 
pp. 413 and 540, and xxxv, 1917, p. 454; Staehelin, ibid, xxxiv, 1916, 
p. 893; Lewis and Zirkle, Amer. Journ. of Bot. vii, 1920, p. 338; Geitler, 
Rev. Algol. I, 1924, p. 862. 




CLASS X. RHODOPHYCEAE 


431 


be developed as a kind of stalk^. Cell- wall thin and very elastic; 
chromatophores large, axile, somewhat stellate, with a large 
spherical central body containing the pyren. from which short 
lobes extend to the periphery of the protoplast; nucleus parietal, 
prominent. Multipl. of cells by div.; resting-stages scarcely 
different from the ordinary vegetative condition, 

P. cruentum (Ag.) Naeg, (fig. 181, E) is a common Alga on damp 
ground and near the base of damp walls ; the cells are 7-9 br. Widely 
differing opinions have been held as to its cell-structure and its 



Fig. 181. A, Chfoothece Richterianum Hansg. (after Hansgirg, xl80). 
B and C, Asterocystis smaragdina Reinsch (after Geitler); B, epiphytic on 
Cladophora sp.; C, young individual, greatly enlarged. D, A, halophila 
Hansg. (after Hansgirg, x260). E, Porphyridium cruentum (Ag.) Naeg. 
(after Geitler), single cell, greatly enlarged. F, Bangia atropurpurea 
(Roth.) Ag. (after Schiller, x 825). 

systematic position. We owe our present knowledge mainly to Brand 
and Geitler. Staehelin (loc. cit.) has recently again advocated its 
inclusion in the Myxophyceae, but neither his interpretation of the 

^ cf. Lewis and Zirkle, loc. cit. p. 885. 
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cell-structure, nor his conclusions have found general acceptance. 
Molisch^ has shown that the pigment in the chroinatophore is phy- 
coerythrin and Brand records Floridean starch; the location of the 
pigment is not that customary in the Myxophyceae. 

Geitler 2 has recently recorded a second sp. of the genus (P. aerugino- 
sum) which is aquatic and blue-green, and is stated to have a wide 
distribution on the continent. 

Asterocystis Gobi, 1879^. (Allogoniurn Kiitzing, 1843; Chroo- 
dactylon Hansgirg, 1887). Aquatic, sometimes favouring 
brackish water, green, blue-green, or olive-green in colour; thallus 
composed of spherical, ellipsoidal, or more or less quadrate cells 
which are embedded in a single series in simple or irregularly 
branched mucilage-tubes; the latter are attached to some 
substratum and either occur singly or form extensive strata; 
single cells sometimes found. About the cell-structure very 
diverse statements have been made. West speaks of Astero- 
cystis as ‘‘a typical Chroococcaceous genus” and finds the 
cytology to be ‘‘similar to that of some of the larger species of 
Chroococcus,''^ whilst Geitler describes a stellate chromatophore, 
blue-green in colour, with a central pyrenoid (cf. also Hansgirg, 
loc. cit.) and a parietal nucleus; he also records Floridean starch. 
It is difficult to reconcile the one account with the other, unless 
we assume that two totally different sets of forms are involved, 
some of which are actually Blue-green Algae (cf. also p. 421). 
Multipl. of cells by transv. div. Asex. reprod. by naked mono- 
spores recorded in one sp. 

A. halophila (Hansg.) Forti (fig. 181, D) has been recorded by 
G. S. West (1912, p. 331) as an epiphyte on Cladophora crispata at 
Studley, Warwicks; cells 7-17 br. and 8-24 1. 

Chroothece Hansgirg, 1884^. Cells ellipsoidal with a stout wall, 
singly or in pairs surrounded by a mucous envelope which, in 
older cells, is greatly thickened at one pole to form .an elongate 
irregularly stratified mucilage-stalk (fig. 181, A); the cells 
combined to form extensive strata of various shades of orange, 
yellow, and green. Chromat. axile, more or less stellate, with a 

^ Sitz.-ber. Wiener Akad., Mat.-nat. Kl. cxv, 1906, p. 811. 

^ Osterr. Bot. Zeitschr. lxxii, 1923, p. 84. 

^ Hansgirg, Prodr. d. Algenfl. v. BOhmen, ii, Prague, 1892, p. 132; West, 
1916 a, p. 39, footnote; Geitler, Rev. Algol, i, 1924, p. 367; Pascher, 1925, 
pp. 139, 159. 

* G. S. West’s drawings preserved at the British Museum (Nat. Hist.) 
shed no light on the cell-structure. 

® Hansgirg, Osterr. Bot. Zeitschr. xxxiv, 1884, p. 353; Ber. Deutsch. 
Bot. Ges. HI, 1885, p. 19; and loc. cit. p. 133; West, 1916 a, p. 39; Wille, 
Nyt. Mag. f. Naturvidensk. lxii, 1924, p. 182; Pascher, 1925, p. 162. 
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large central pyrenoid. Multipl. of cells by transv. div. Resting 
cells with a thick membrane. See also p, 421. 

C. Richterianum Hansg. (fig. 181, A) is known from salt marshes in 
Bohemia, and a small form of it (possibly another sp.) has been 
observed on wet limestone rocks in W. Yorks. Cells of the Brit, form 
20-24 1. 

Miss Acton ^ has suggested that Hansgirg’s species is a member of 
the genus Chroococcus, akin to C. macrococcus Rabenh. 

^ Ann. of Bot. xxviii, 1914, p. 448. 



CLASS XL MYXOPHYCEAE 
(CYANOPHYCEAE)i 

AVith the exception of a few puzzling forms, which are probably 
not members of this class at all^ the Blue-green Algae are more 
sharply circumscribed than any other class of the pigmented 
Protophyta. Even the beginner, difficult as he may find generic 
and specific distinctions in many cases, is not long in doubt 
about the correct assignation of one of its members. The pre- 
vailing blue-green pigmentation, the lack of any sharp differen- 
tiation of a nucleus or a chromatophore in the cells, the abundant 
production of glycogen (recognised by its brown coloration 
with iodine) as an assimilatory product, the colonial or simple 
filamentous habit with copious production of mucilage often in 
the form of well-defined sheaths to the cells or filaments, and 
lastly the customary absence of any well-marked reproductive 
organs, all tend to give a very decided stamp to the members 
of this class. Both in the cell-structure and the evolution of the 
plant-body they stand on a relatively low plane of differentia- 
tion and, after obtaining some little familiarity with these Algae, 
the impression grows that one is dealing with an archaic group 
which has possibly remained practically unaltered during long 
epochs of the earth’s history. Reproductive elements moving 
with the help of cilia are unknown® and no trustworthy indications 
of sexuality have ever been recorded. All the members of the 
class are “algal” in organisation and such blue-green Flagellates 
as have become known belong to other classes and have no 
relation with the Myxophyceae. An independent origin is 
certain, but what that origin may have been is unknown and 
likely to remain so. Few records of fossil Cyanophyceae exist^, 
and some of these are not beyond doubt. 

Perhaps one of the most interesting features of the class is its 
widespread occurrence and great success at the present day. 
Its members certainly possess a very marked power of existence 

^ The name Myxophyceae was proposed by Stizenberger (in Raben- 
horst’s Alg. Sachsens, 1860, p. 18) and has priority over the possibly more 
suitable name Cyanophyceae (Sachs, 1874). 

^ cf. Glaucocysiis and Gloeochaetey p. 498; AaterocysHs and Chroothece, 
p. 421. 

® Goebel’s (Bot. Zeit. xxxviii, 1880, p. 490) record of zoospores in 
Metismopedia has never been confirmed. 

* cf. Kidston and Lang, Trans. Roy. Soc. Edinburgh, ui, 1921, p. 875, 
and uii, 1924, p. 612. 
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under adverse conditions. It would seem that many Myxophyceac 
can maintain themselves in almost complete darkness, when no 
doubt they lead a saprophytic existence^. They are found alike 
in the sea, in brackish waters, in freshwaters, and in terrestrial 
habitats, and often play an important role as plankton-organisms. 
The aquatic forms dominate the vegetation where other Algae 
(saving Diatoms) are few or absent; alike in the high tempera- 
tures of hot springs, in the frigid lakes of the Antarctic, in rushing 
torrents and cataracts, and in inhospitable terrestrial habitats 
they not only hold their own, but play a very conspicuous part. 
On the pebbles and boulders of streams, on the soft mud of salt- 
marshes, and on bare sandstone rocks, they are often the pioneers 
paving the way for other vegetation^. In moist climates many 
of the richest tints of the landscape are due to these Algae, and 
in some regions they give a decided character to the country^. 
A considerable number occur as the algal constituents of Lichens, 
whilst others play an appreciable role in the formation of cal- 
careous or siliceous rock-masses. Further details on many of 
these points are given at the end of this section (p. 449). 

The Blue-green Algae rarely occur as single cells (some species 
of Chroococcus and Tetrapedia (fig. 184, D)), more commonly 
the unicellular forms are found in more or less irregular palmelloid 
colonies embedded in mucilage which is structureless (Aphano- 
capsa (fig. 187, A), Microcystis (fig. 186)) or exhibits differentia- 
tion of special, often stratified, sheaths to the individual cells 
(Gloeocapsa (fig. 187, B-E)). In other cases the cells of these 
colonial forms assume a definite arrangement, forming 1 -layered 
plates as in Merismopedia (fig. 184, B, C) or being distributed at 
the periphery of gelatinous spheres, as in Coelosphaerium (fig. 
185, A). These unicellular and colonial types are grouped as 
the Chroococcales, but a large number of Myxophyceae (the 
so-called Hormogoneales) assume the habit of simple or branched 
filaments. 

The simple filamentous types are comprised in the Oscilla- 
toriaceae, of which the common Oscillatoria (fig. 191) affords a 
good example; here the trichomes are naked, but in Lyngbya 
(fig. 193, A-C) they are encased in a firm and often thick mucous 

^ Etard and Bouilhac, Comptes Hendus, cxxvii, 1808, p. 110; Scliiiidler, 
Zeitschr. f. Bot. v, 1013, p. 553. 

2 cf. Fritsch, Geogr. Journ. 1007, p. 533 et seq.; and Journ. of Ecol. x, 
1022, p. 232. 

* The Pedros negras of Angola are due to the prolific growth of Scytonema 
Myochrous var. chorographicum (W. & G. S. West, Journ. of Bot. 1807, 
p. 308); cf. also Diels, Ber. Deutsch. Bot. Ges. xxxii, 1014, p. 502; Bews, 
Ann. Natal Museum, in, 1017, p. 553, and Journ. of Ecol. iv, 1010, 
p. 132. 
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sheath^. In the allied genus Phormidium (fig. 193, D) the fila- 
ments are agglutinated by their more or less diffluent sheaths to 
form large flat irregular expanses (often covering an area of a 
square foot and more) adhering to rock-surfaces, soil, etc. In 
Microcoleus (fig. 194, A) and Schizothrix (fig. 195, A, B) several 
or many trichomes are contained within a common sheath which 
is often branched. 

In all these cases there is little or no differentiation among 
the cells of the trichomes, and nearly all of them are capable of 
growth and division. In most of the filamentous Myxophyceae, 
however, the trichomes are interrupted at more or less frequent 
intervals by slightly larger cells which have firmer, often thickened, 
walls and usually yellowish or colourless contents, and which 
have lost the power of growth and division; these are the 
heterocysts (fig. 197, h) which are considered more fully below. 
In the common Nostoc (fig. 196), for example, where numerous 
contorted moniliform trichomes are embedded in extensive 
gelatinous masses of varying shape, spherical heterocysts are 
intercalated at intervals between the ordinary vegetative cells, 
whilst in Cylindrospermum (fig. 197, E-G) a single heterocyst 
is found at one end of each trichome. Heterocysts are also 
present in the majority of the branched filamentous types. 

Many of these (Scytonernataceae) show false branching; the 
trichomes of the main filament rupture at intervals and, after 
perforating the sheath, grow out as branches which secrete a 
sheath of their own. Tolypothrix (fig. 199, E) commonly forms 
these pseudo-branches singly and one or more heterocysts are 
found in the main trichome just above the point of branching. 
In Scytonema (fig. 199, A), where the branches are often paired, 
there is no such relation to the heterocysts. True branching by 
lateral outgrowth of cells of the main trichome is seen in the 
Stigonemataceae, e.g. Hapalosiphon (fig. 205) and the more 
complex Stigonema, where usually several rows of cells occur 
within the sheaths (fig. 206, B) and the heterocysts in part 
occupy a peculiar lateral position (fig. 206, C). 

A whole family of the Hormogoneales (the Rivulariaceae) are 
characterised by the attenuation of the trichomes to a hair-like 
point, and in these one or more heterocysts are generally located 
at the base of each trichome (cf. figs. 201, 202); the filaments in 
this family usually exhibit false branching. 

After this preliminary survey a more detailed consideration of 
certain features may be undertaken. The celUstructure has 
aroused unlimited controversy and to discuss all the views that 

^ It is customary in these cases to speak of the entire structure as a 
filament^ whilst the contained thread is designated the trichome. 



CLASS XI. MYXOPHYCEAE (CYANOPH Y CE AE) 437 

have been put forward would be out of place here^. A great part 
of the protoplast would usually appear to exhibit an alveolar 
structure (fig. 182, A), the alveoli according to Baumgaertel- 
being occupied by a substance of mucilaginous or more or less 
stiff gel-like consistency. In the vast majority of cases two 
regions are readily distinguished within the protoplast, a peri- 
pheral one in which the pigment is located and a colourless 
central body (West’s “ineipient nucleus”); in some cases these 
are recognisable in the living cell. The central body can generally 
be brought out by treatment with Eau de Javelle and subse- 
quent staining with methylene blue‘\ In the filamentous types 
its surface is often irregular, numerous processes being extended 
into the peripheral pigmented region; but this does not appear 
to be the case in the Chrooeoccaceac^. 

The application of the term ‘‘nucleus” to this central body 
has been a matter of much debate. All authorities are agreed 
that there is neither nuclear membrane nor nucleolus and that, 
if it is to be regarded as a nucleus, it is one of a simple type. It 
contains granules which, according to most investigators, are 
of the nature of chromatin^, an o[)inion however which Fischer^ 
does not share ; in many of the simpler colonial forms the granules 
of the central body do not give pronounced chromatin-reaetions 
and such have been termed metachromatin granules^. Miss 
Acton®, in her investigations on the cytology of the Chroococca- 
ceae, believed she had found a transition from a state in which 
the central region is scarcely differentiated and includes only 
occasional granules giving a chromatin reaction {Chroococciis 
turgidus (fig. 182, A)), to a definite “nucleus” containing an 
accumulation of chromatin or of some substance allied to it; 
such a “nucleus” is either only evident at the time of division 
(Merismopedia elegans (fig. I, G)) or always present {Chroococcm 
macrococcus). These results correspond to a considerable extent 
to those of Gardner. No doubt similar differences are observ- 

^ Summaries will be found in several of the papers mentioned below (cf. 
especially Olive). 

2 Archiv f. Protistenkunde, xli, 1920, p. 101. 

3 cf. Lemmermann, 1910, p. 8; see also McLean, New Phytol. xiii, 1914, 
p. 71; Geitler, 1925, p. 46. 

^ cf. Acton, Ann. of Bot. xxviit, 1914, p. 433. 

® cf. for example Scott, Journ. Linn. Soc., Bot. xxiv, 1887, p. 188; Kohl, 
t)b. d. Organisation u. Physiol, d. Cyanophyceenzelle, etc. Jena, 1003; 
Olive, Beihefte Bot. Centralbl. xvin, 1904, p. 35; Gardner, Univ. Cali- 
fornia Publ., Bot. II, 1906, No. 12, p. 261. 

* Bot. Zeit. LXiii, 1905, p. 74; cf. also Palla, Jahrb. wiss. Bot. xxv, 1893, 
pp. 523 and 556; recent workers (Baumgaertel, Haupt) express no definite 
opinion on this point. 

’ cf. Acton, loc. cit. p. 448. 


loc. cit. p. 450; cf. also Gardner, p. 262. 
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able in the more advanced forms and may account for some of the 
discrepancies between the conclusions of earlier investigators 
whose work has been largely confined to the filamentous types ; 
moreover some of the results may apply to more or less abnormal 
material kept in the laboratory under unfavourable conditions. 

Many workers (Zacharias^, Gardner, loc. cit., Guillermond^, 
Acton, loc. cit.) appear to be agreed that there is no mitotic 
division of the central body, whilst Hegler^, Kohl (loc. cit. 
p. 178), Phillips^ and Olive (loc. cit. p. 30) believe to have 
recognised a rudimentary spindle and chromosomes. Wager® 
describes a modified mitosis with bodies of the nature of chromo- 
somes. Zacharias is of the opinion that the chromosomes of 
these investigators are ridges or projections of the central body. 

According to Fischer (loc. cit. p. 106) the glycogen produced 
in photosynthesis accumulates in the central region and here 
gives rise to another carbohydrate (anabaenin), which appears 
in masses simulating chromosomes. This interpretation has not 
been supported by other investigators. 

It is scarcely possible to arrive at any satisfactory conclusion 
from amid this conflict of views, but it may probably be gleaned 
that anything approaching the true mitosis of higher plants is 
lacking, though in some of the filamentous Myxophyceae 
chromatin-aggregations resembling chromosomes may possibly 
occur. It would seem that within the class various phases in 
the differentiation of a nucleus are to be found®, and the real 
difference of opinion centres around the question as to how far 
its evolution has progressed. It is perhaps well to emphasise 
that, amongst those who have dealt with this problem in the 
present century, Fischer and Geitler^ are practically the only 
ones to deny completely the nuclear nature of the central body, 
whilst all the most recent investigations® have failed to give any 
support to the occurrence of anything approaching mitosis. 

With reference to the peripheral pigmented region there is 
more agreement, and much of the discussion as to whether it is 
to be called a chromatophore or not appears to the outsider as a 
quibble over a name. There seems to be no doubt that there is 

^ Jahrb. Hamburg. Wiss. Anstalten, xxi, 1903, p. 54 et seq.; cf. also 
Bot. Zeit. Lxv, 1907, Abt. 2, p. 284. 

* Rev. g6n. de Bot. xviii, 1906, p. 458. 

® Jahrb. Wiss. Bot. xxxvi, 1901, p. 325. 

* Contiib. Bot. Lab. Univ. Pennsylvania, ii, No. 8, 1904, p. 296. 

® Proc. Roy. Soc. London, lxxii, 1908, p. 406. 

* cf. also Sharp, Cytology, New York, 1921, p. 206. 

’ Archiv f. Protistenkunde, xlv, 1922, p. 416. 

* cf. Baumgaertel, loc. cit. p. 188; Haupt, Bot. Gaz. lxxv, 1928, p. 188; 
Schwellengrebel, Quart. Journ. Micr. Sci. uv, 1910, p. 626. 
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no definitely differentiated chromatophore^ such as holds the 
pigments in most other plants, but in this connection it is well 
to remember that in several Isokontae (Sphaerella, p. 60, Hydro^ 
dictyon, p. 116) the chromatophore is likewise very ill-defined. 
It would seem that the pigments are lodged in innumerable 
minute granules 2 , and various workers (Hegler, Kohl) have 
regarded these as the actual chromatophores (cyanoplasts), 
but they are more likely to be identical with the grana of the 
chromatophores of other plants. It seems doubtful whether any 
part of the ])eripheral cytoplasm is devoid of pigment, but 
Fischer believed he had seen such a non-pigmented cytoplasmic 
lining. 

The pigments themselves comprise chlorophyll, the yellow 
carotin, the blue-green pJiycDcyardn, and a fed pigm closely 
alliedTo the phycoerythrin of the Rhodophyceae^. The phyco- 
cyanin is responsible for the prevalent blue-green coloration 
of members of this class ; it is soluble in water and by appropriate 
means can be extracted from the dead cells'*. The varied tints 
shown by different Myxophyceae, as well as by the same species 
at different times, are due to the diverse proportions in which 
the four above-mentioned pigments occur; thus, when both 
phycocyanin and phycoerythrin are present, violet shades are 
obtained, whilst when the latter predominates the colour is more 
reddish. Attention may however be drawn to the fact that 
colorations other than blue-green are as often due to special 
pigments in the sheaths as to variation in the pigmentation of 
the protoplast. 

Gaidukov^ was the first to show that some species of Oscillatoria 
take on a colour complementary to that of the light to which 
they are exposed. He interpreted the frequent red coloration 
of deep-water Cyanophyceae® as an adaptation to the quality 

' In Glaucocystis and Gloeochaete there are properly differentiated chro- 
niatophores, but it is exceedingly doubtful whether these forms are related 
in any way to the main mass of the Myxophyceae; cf. p. 498. 

2 Some writers however speak of their being diffused through the peri- 
pheral cytoplasm, whilst others describe the phycocyanin as diffused and 
the remaining pigments as occurring in granules. 

3 cf. Boresch, Ber. Deutsch. Bot. Ges. xxxix, 1921, p. 93, where earlier 
references are given, and Boresch, Biochem. Zeitschr. cxix, 1921, p. 167. 
The phycoerythrin of Myxophyceae differs from that of Rhodophyceae in 
its absorption-spectrum. Wille (Ber. Deutsch. Bot. Ges. xl, 1922, p. 188) 
has, however, recorded true phycoerythrin in Phormidium persicinum Gom. 

* Kohl (loc. cit. p. 77) recommends treatment with chloroform- water. 

® cf. Ber. Deutsch. Bot. Ges. xxi, 1903, p. 484, and xli, 1928, p. 356 ; also 
Dangeard, Comptes Rendus, cliii, 1911, p. 293, and Boresch, Archiv f. 
Protistenkunde, xliv, 1922, p. 1. 

® For some striking instances, see Geitler, Int. Rev. d. ges. Hydrobiol. 
u. Hydrogr. x, 1922, p. 687; and Pascher, Bot. Archiv, iii, 1923, p. 311. 
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of the light reaching these depths. Red eoloration is however 
characteristic of several planktonic Myxophyceae (e.g. of the 
marine Trichodesmium erythraeum Ehrcnb., whose occasional 
abundance has given the name to the Red Sea), as well as of 
some forms which inhabit terrestrial situations. Whilst the 
diverse shades exhibited by the members of this class may in 
part be the result of chromatic adaptation, there is evidence to 
show that changes of pigmentation may also result from varying 
light-intensities, as well as from a paucity of nutritive salts and 
especially from nitrogen-starvation^. 

The first evident products of photosynthesis are sugars and 
glycogen^. Fischer’s views with reference to the transformation 
of the latter into an insoluble carbohydrate, anal)aenin, within 
the central body have already been mentioned (p. 438). Starch 
ne\'er occurs, but minute drops of oil are frequent. The cells of 
the Myxophyceae often contain an abundance of granules^, and 
these are no doubt of several kinds, but it is not easy to reconcile 
the opinions of different writers as to their nature. It appears 
possible to distinguish clearly between central granules (a 
granules of Gardner, loc. cit.) and cyanophyein granules (/3 
granules of Gardner). The former occur in the central body, the 
latter only in the peripheral region, often especially near the cell- 
wall. Both are apparently albuminous in nature, containing both 
nitrogen and phosphorus, the central granules possibly consist- 
ing largely of some nucleo-protein and being analogous to the 
metachromatin-granules dealt with above. The cyanophyein 
granules appear, on the other hand, to be a form of protein- 
reserve (crystalloids), since they disappear in the dark, are 
consumed during cell-division, and occur in large quantities 
in the spores. They are easily dissolved by weak acids which 
leave the central granules unaffected. They constitute glistening, 
usually rounded or subangular, bodies which readily stain with 
jncro-carmine or brilliant blue or a dilute aqueous solution of 
neutral red, whilst the central granules are easily brought out 
with methylene blue, which does not affect the others^. 

^ cf. especially Schindler, Zeitschr. f. Bot. v, 1913, p. 407; Magnus and 
Schindler, Ber. Deutsch. Bot. Ges. xxx, 1912, p. 314. 

“ According to Baunigaertel (loc. cit. p. 98) the glycogen is immediately 
converted into glycoproteins; cf. also Geitler, 1925, p. 3. 

^ In diagnoses of Myxopliyceae it is usual to describe the protoplast as 
granular or non-granular. It is however very doubtful whether this is a 
taxonomic character of any value, since the state of the protoplast in this 
respect almost certainly depends on the previous conditions of nutrition. 

^ Baumgaertel (loc. cit.), in his researches on the cell-structure of the 
Blue-green Algae, rccognise<l three kinds of inclusions in the protoplast. 
In the centnd body (centroplasm) the alveoli are occupied by endoplasts 
which may be of very diverse shape and are of gel-like consistency, whilst 
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The protoplast of the Myxophyceae is ordinarily devoid of 
evident vacuoles, and it is probable that, in most species at least, 
such only occur when the cells are in a moribund condition; they 
appear for example in the developing hair-cells at the ends of 
the trichomes of the Rivulariaccae. In view of recent work on 
Pleurococcus, this absence of large vacuoles may well be con- 
nected with the obviously widespread faculty of members of 
this class to survive prolonged periods of desiccation with little 
alteration. 

Much discussion has centred around the so-called jhseudo- 
vacAioles which occur — usually in considerable numbers — in the 
cells of many planktonic Myxophyceae {Microcystis^ Coelo- 
sphaerium, Anabaena, Aphanizomenon, etc.) and appear under 
low powers as black dots, whilst under higher powers they have 
a dark-red appearance. They have been interpreted as gas- 
vacuoles, a view which receives considerable support from recent 
experiments of Klcbahn’s^, although the fact that they do not 
disappear when the Algae in question are placed in a vacuum^, 
is not altogether easy to explain on this basis. They have also 
been regarded as of an oily nature. Whatever they may be, 
there seems little doubt that they materially eontribute to the 
buoyancy of the forms possessing them^ although they are not 
restricted to planktonic types'*. They also occur in the hormo- 
gones (p. 446) of Nostoc^ Phormidium, and Lynghya, especially 
when exposed to strong light"^, and this fact, taken together 
with their apparent diminution in the plankton-forms when 
cultivated in the dark, has led Lemmermann to suggest that 
they may serve as a light-screen. 

The cells are invariably provided with a definite membrane 
which is however not always readily recognisable in young stages, 
especially in those forms which are embedded in mucilage. In 

apposed to them and lying within the cytoplasmic lamellae are the spherical 
epiplasts readily stained with methylene blue and equivalent to the central 
granules of other workers. In the peripheral region (chromatoplasm) are 
the ectoplasts ( = cyanophycin granules). According to Baumgaertel the 
highly refractive granules found in the spores are not cyanophycin-granules, 
but endoplasts; cf. also Geitler, 1922, loc. cit. 

^ Jahrb. Wiss. Bot. lxi, 1922, p. 535, and Ber. Deutsch. Bot. Ges. xliii, 
1925, p. 143. 

2 cf. Molisch, Bot. Zeit. lxi, 1903, p. 51. 

® The facts mentioned by Lemmermann (1910, p. 11) do not appear to 
disprove this view; moreover the writer has material of Microcystis, Aphani- 
zomenon, and other forms, that has been in 4% formalin for nigh upon 
20 years and still floats at the surface. See also van Goor, Revue Algol. 
II, 1925, p. 19. 

* cf. Brand, Ber. Deutsch. Bot. Ges. xix, 1901, p. 15S. 

® I.emmermann, 1910, p. 12. 
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Fifr. 182. Chrtyococcus turgidus (Kiitz.) Naeg., dividing cell, stained to 
show the internal structure (after Acton, x 2500). B, Aphanothece prasina 
A .Br., the same (after Acton, x 2500). C and E, Oscillatoria sp. (after Olive) ; 

cross-section; E, longitudinal section. D, Anabaena sp., showing cell- 
sheath and inner investment (after Fritsch, x2300). F and G, Nostoc 
commune Vauch., germinating heterocysts (after Geitler, x2500). H, 
Anabaena AzoUae Strasb., filament with germinating spores (after Fritsch, 

< 080). I, Xosioc commune Vauch., germinating hormogone (after Geitler, 

< 000). .1, CgUndrospennum licheniforme (Bory) Kiitz., germinating spore 
(after Bristol, x 825). 
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older cells, particularly in many of the filamentous forms, the 
investment is clearly distinguishable into two parts, the inner 
investment (Lemmermann’s “Hautschicht’’), which envelopes 
the protoplast on all sides, and the celUsheath (Lemmermann’s 
“ Wandschicht”). The latter may completely surround the 
cells, as in the Chroococcaceae, or form a cylindrical sheath 
which is either continuous (Oscillatoria) or interrupted between 
the cells (Anabaena (fig. 182 , D))^. Whilst the inner investment 
appears merely as a somewhat modified plasmatic membrane, the 
cell-sheath is a firmer portion of the mucilage-envelope or may, 
as in Oscillatoria^ represent it alone. In other words it is homo- 
logous with the secondary mucilage-envelopes, not in direct 
contact with the protoplast, which are developed in so many 
Myxophyceae and form the strata in the sheath of a Gloeocapsa 
or the firm sheaths of Lyngbya, Scytonema, etc. The septa appear 
to consist of the inner investment only, although whether this 
is always the case is not clear. Most of the statements in the 
literature refer to the cell-sheath which, like the mucilage, in 
young cells probably consists mainly of pectic compounds; 
cellulose is however frequently present in the sheath (e.g. in 
species of Schizothrix and Phormidium)^ which then gives a blue 
coloration with chlor^zinc-iodide^. The firm cell-sheath of older 
individuals and the specialised sheaths of many Oscillatoriaceae 
include compounds which render them very resistant^. The 
thick sheaths found in many of the Hormogoneales and in some 
of the Chroococcales are often coloured yellow or brown; other 
shades (red, violet) also occur, but are rarer. 

Brand^ has drawn attention to the fact that the ordinary 
Cyanophyceous cell does not readily plasmolyse. When placed 
in hypertonic solutions, the entire cell often undergoes slight 
irregular contraction, the membrane not separating from the 
protoplast at all or only doing so at a few points. These features 
are no doubt to be related to the absence of vacuoles, as well as 
to the elasticity of the membranes in the young cells. 

Many workers have described protoplasmic continuity^ 

^ Fritsch, Beih. Bot. Centralbl. xviii, 1905, p. 194; Lemmermann, 1910, 
p. 3. Geitler (Beih. Bot. Centralbl. xli, 1925, p. 192 ; see also Geitler, 1925, 
p. 11) distinguishes two types of membranes in the Myxophyceae, but the 
writer is not of the opinion that the distinction can be maintained. 

^ cf. Lemaire, Journ. de Bot. xv, 1901, p. 255; and Virieux, Comptes 
Rendus, cli, 1910, p. 334. 

® The most recent investigation of the chemical nature of the envelopes 
of Myxophyceae is that of Klein (Sitz.-ber. Akad. Wiss. Wien, Mat.-nat. 
Kl. cxxiv, 1915, p. 529); he denies the presence of chitin which several 
earlier workers (Hegler, Kohl) had affirmed. 

^ Ber. Deutsch. Bot. Ges. xxi, 1903, p. 302. 

* cf. e.g. Borzi, Malpighia, i, 1887, p. 74. 
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between the cells of the Hormogoneales, and such is clearly 
apparent in many Stigonemataceae (cf. fig. 206, D), where each 
cell is completely enveloped by a cell-sheath; the pores are 
particularly conspicuous in Stigonerna ocellaturn if the plants 
are first dried and subsequently soaked in water. In other 
Hormogoneales, however, the question of protoplasmic con- 
tinuity requires further investigation, as the statements in the 
literature are very conflicting; amongst recent workers Phillips^ 
affirms its occurrence, whilst Gardner^ failed to find any proto- 
plasmic connections in the forms he investigated. Fritsch^ has 
suggested that the intercellular portions of the inner investment 
have been interpreted as protoplasmic connections in some of 
these forms. 

In healthy material, especially of the filamentous genera, a 
very large percentage of cells are usually found in process of 
division. The Chroococcaceae are stated to divide by a progres- 
sive constriction of the cell, whilst in the filamentous types a 
sejitum gradually grows inwards from the periphery dividing 
both the pigmented cytoplasm and the central body into two. 
In some cases, however, it appears that the latter begins to 
constrict, or even divides, before any division of the cytoplasm 
is apparent (e.g. in Chroococcus macrococcus^ and some of the 
filamentous forms), and such cases no doubt indicate a certain 
individuality on the part of the central body. 

The heterocysts^, which (with few exceptions) occur in all 
the Hormogoneales except the Oscillatoriacea'e, exhibit practi- 
cally the same structure in all cases. They are generally 
enlarged cells with a well-defined somewhat thickened wall, 
which is composed of cellulose; according to Geitler there is an 
external layer of pectic substance constituting the original cell- 
membrane, the cellulose forming a thickening-layer on its inner 
side. The heterocysts are commonly solitary, but in species of 
Tolypothrix (fig. 199, E), CalothriXy^Nostoc, etc. they are often 
formed in series. When the hetcrocysts occupy an intercalary 
position, the wall is frequently slightly thicker at the two poles 
(figs. 197, 199), where a prominent pore connecting with the 
adjacent vegetative cells is recognisable; when the heterocyst 
is terminal, only one such polar thickening and pore occur, viz, 
on the side adjacent to the filament. The heterocysts develop 
^ loc. cit. p. 299. 

2 loc. cit. p. 274; cf. also Baumgaertel, loc. cit. p. 140. 

^ loc. cit. p. 196. 

Acton, loc. cit. p. 447; cf. also Olive, tab. ii, fig. 73. 

® Brand, Ber. Deutsch. Bot. Ges. xix, 1901, p. 153, and Beih. Bot. 
Centralbl. xv, 1908, p. 38; Fritsch, New Phytol. iii, 1904, p. 86; Geitler, 
Sitz.-ber. Akad. Wiss. Wien, Mat.-nat. Kl. cxxx, 1921, p. 223. 
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from the ordinary vegetative cells, and, during the differentiation 
of the wall, the peripheral region of the cytoplasm loses its pig- 
ment^ and takes on a yellowish colour. For a considerable 
period the protoplast remains united with that of the adjoining 
vegetative cell or cells by broad protoplasmic connections 
passing through the pores. According to Geitler the cytoplasm 
undergoes little change for some time after the complete 
differentiation of the heterocyst, except for the disappearance 
of the pigment already mentioned; ultimately degeneration 
sets in and the protoplasmic contents gradually vanish. 

In many cases, during the development of the heterocyst, a 
bright highly refractive granule appears internal to each pore; 
these granules persist even after the death of the protoplast. 
They are usually situated on the inner side of a delicate mem- 
brane which corppletely surrounds the protoplast, more rarely 
between it and the cellulose- wall. Various opinions have been 
held as to the function and nature of these granules. While 
Hegler (loc. cit. p. 305) regarded them as reserve-substances, 
Kohl compared them physiologically with the masses of callus 
occluding the sieve-plates of higher plants. Many investigators 
have identified them with cyanophycin-granules, but according 
to Baumgaertel (loc. cit. p. 140) and Geitler they are partly of 
the nature of ‘‘epiplasts” and partly “ectoplasts.”^ Geitler 
also draws attention to the fact that similar granules often occur 
in corresponding positions in the vegetative cells (cf. especially 
Lyngbya hipunctatalj^mm, and fig. 191, F), and he is disinclined 
to ascribe any special function to them. 

In view of their characteristic structure and the definite 
position they often occupy in the threads (cf. p. 436), there has 
been much speculation as to the nature and purpose of hetero- 
cysts. They have been regarded as a means of limiting the length 
of the filaments (Borzi, Kohl), and there is no doubt that in some 
Myxophyceae their formation conditions the breaking up of 
the trichome into hormogones; in many heterocystous forms, 
however, this occurs without their cooperation. Another view 
regarded them as storehouses for reserve-substances (Hegler, 
Fritsch). Recent observations (Brand, Spratt, Geitler) have 
lent a good deal of support to the view that they represent 
archaic reproductive cells, now largely functionless, but under 
certain circumstances still fulfilling their old role. BraiuH was 
the first to describe, in species of Nostoc, the setting free of the 

^ In species of Itivulariaj however, the licterocysts retain their pigment 
for long periods, and the writer has observed the same phenomenon in tropical 
material of other genera. - See p. 440, footnote 4. 

® Brand, loc. cit. 1901, p. 154. 
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contents of the heterocysts as gonidia which subsequently 
developed into new filaments. Similar observations were made 
by Spratt^ in the case of Anahaena Cycadearum^ whilst recently 
Geitler^ has recorded germination of the contents of the hetero- 
cysts in a number of species belonging to the genera Nostoc (fig. 
182, F, G), Anahaena, and Tolypothrix, Geitler describes the 
reappearance of pigment in the protoplast and regards the 
cellulose-layer of the heterocyst as a reserve, having observed 
its disappearance when germination of the contents was taking 
place. 

It must be understood, however, that such instances of germ- 
ination of hetcrocysts are extremely rare and no case is known 
in which they occur even commonly. They give more the im- 
pression of abnormal occurrences than of a return to an old 
practice. There is moreover no parallel elsewhere for the whole- 
sale persistence and regular development of an aborted repro- 
ductive organ. One cannot help feeling that the real function 
of the heterocyst is still undiscovered. The frequent, though by 
no means invariable, juxtaposition of heterocysts and spores 
{Cylindrospermum (fig. 197, E-G), Gloeotrichia (fig. 203, A), 
many species of Anahaena (fig. 197, B, D)) is perhaps a signi- 
ficant feature, v 

The multiplication of the unicellular and colonial Blue-green 
Algae is brought about principally by simple cell-division, which 
may take place in every direction of space {Aphanocapsa, 
Gloeocapsa) or in certain directions only (Merimiopedia, Gloeo- 
thece). The definite or indefinite colonies thus produced dis- 
sociate into smaller groups on attaining a certain size. In all 
the filamentous forms multiplication is largely effected by the 
formation of so-called hormogones. These are short lengths of 
trichome, exhibiting no special differentiation, which are generally 
set free from the extremities of the filaments or their branches 
and by division develop into new plants. In some cases, as 
already mentioned, they are limited by the heterocysts {Nostoc). 
Many of the filamentous forms break up at times into a series of 
hormogones, owing to the secretion at intervals of an inter- 
cellular substance which is at first dark green, but may later 
become colourless and highly refractive (fig. 191, E)^ These 
separation-discs are in general biconcave in shape, but may be 
so thin in the middle as to appear as a mere ring. In other cases 
hormogones are formed by the dying away of certain cells, 

^ Ann. of Bot. xxv, 1911, p. 876. 

2 loc. cit. p. 234. 

^ cf. Brand, Beih. Bot. Centralbl. xv, 1908, p. 49; and Ber. Deutsch. Bot. 
Ges. xxm, 1905, p. 62. 
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which first become compressed by the adjacent living cells and 
then disintegrate (Brand’s necridia). The extensive strata pro- 
duced by many Hormogoneales are a result of rapid growth of 
the filaments, combined with repeated hormogone-formation^. 

The hormogonia invariably exhibit slow motion, which takes 
place in a straight {Lyngbya, Nostoc, Rivularia, Scytonema, etc.) 
or spiral line {Oscillatoria, Arthrospira)^. Similar slow spontane- 
ous movements on the part of the ordinary trichomes are met 
with in a few of the Oscillatoriaceae. They are most conspicuous 
in Oscillatoria^ , and their rapidity is enhanced by increase of 
temperature or of the intensity of the light. The motion consists 
of a slow creeping or gliding of the trichome forwards or back- 
wards in the direction of its longitudinal axis, accompanied by 
rotation and often by a slow oscillation of the upper part; each 
oscillation commonly terminates with a more rapid bending 
of the extreme apex. In some cases only the oscillation is 
observed, without the forward progression. In Arthrospira 
(fig. 191, G) the movements are more vigorous, though spasmodic 
and jerky. In Spirulina there is a well-marked rotation around 
the axis of the spirally twisted trichomes, as they progress 
through the water. 

Although these movements have been much studied, especially 
those of the Oscillatoriaceae, no convincing explanation as to 
the mechanism has yet been offered. It would seem that in 
most, if not all, cases contact with a solid body or with the 
surface film of water is necessary. The filaments of many of the 
species concerned secrete a small quantity of soft mucilage, and 
this has been regarded as playing some role in the movement 
(cf. Fechner, loc. cit.). Whilst this view perhaps finds most 
support, Schmid (loc. cit. 1923, p. 411) believes in the occurrence 
of rhythmic longitudinal waves, conditioned by changes in the 
density of the protoplasts, and traversing the filaments from end 
to end. Phillips (loc. cit. p. 318) records short cilia along the 
sides of the trichomes of Oscillatoria, an observation which is 
uncorroborated . 

Resting spores (akinetes) have been observed in many of the 
filamehtbus forms, but among the Chroococcales are not known 
except in Gloeocapsa, It is only in certain Nostocaceae and 

^ In some Scytonemataceae and Stigonemataceae short hormogonia, 
which are completely enclosed in a thick- walled and stratified sheath, are 
formed (Borzi’s hormocysts). 

* cf. Brand, loc. cit. 1903, p. 53 et seq., where the earlier literature is 
considered. 

^ cf. Correns, Ber. Deutsch. Bot. Ges. xv, 1897, p. 139; Fechner,. Zeitschr. 
f. Bot. VII, 1915, p. 828; Schmid, Flora, cxi, 1918, p. 827, and Jahrb. Wiss. 
Bot. LX, 1921, p. 572, and lxii, 1923, p. 328. 
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Rivulariaceae, however, that they appear with sulficient 
regularity to make them of value for taxonomic purposes. In 
the development^ of these spores a vegetative cell usually 
increases more or less appreciably in size, becoming stocked with 
food-reserves and developing a distinct exospore and endospore 
which correspond respectively to cell-sheath and inner invest- 
ment of the ordinary cell ; the exospore is thick and often yellow 
or brown in colour. Such spores can remain dormant for very 
long intervals of time'^. They are commonly spherical or cylin- 
drical and are either produced singly (fig. 197, C) or in chains (fig. 
197, D); in the heterocystous forms, they are often developed in 
contact with the heterocysts (figs. 197, E-G ; 203, A). In germina- 
tion^ division of the protoplast may (fig. 182, H) or may not 
occur before it is liberated from the spore-membranes. In some 
few cases the latter become mucilaginous and the protoplast 
divides within the mucus thus formed, but as a general rule a 
small part of the membrane becomes diffluent or gets detached 
as a lid (fig. 182, J) and the new filament gradually protrudes 
from the remaining part of the spore-wall. In certain species of 
Nostoc Bristol observed a division of the protoplast in all 
directions, with the formation of a more or less spherical cell- 
cluster; this is however probably to be interpreted as a closely 
coiled trichorne confined within the mucilage formed by the 
spore-membranes. 

In a number of genera of Myxophyceae so-called gonidia^^ 
which are probably comparable to the aplanospores found in 
other classes, are encountered. They are only met with at all 
regularly in the series of the Chamaesiphonales (cf. p. 465), a 
somewhat specialised group of unicellular and filamentous 
forms distinguished by their attached habit and polarity 
(differentiation of base and apex). The gonidia are here produced 
within sporangia originating from the ordinary vegetative cells, 
which often exhibit some preliminary increase in size. Reju- 
venescence of the protoplast takes place, and this is generally 
followed by division whereby a considerable number of gonidia 
are formed. The division may take place in all directions 
(Gomphosphaeriaf PleurocapsUy Oncobyrsa) or only in the trans- 
verse plane (Chamaesiphon (fig. 190, on the right)). In Chamae- 
siphon the development of the gonidia is peculiar in so far as 

^ cf. Brand, loc. cit. 1903, p. 32; Fritsch, loc. cit. 1905, p. 200. 

“ Bristol, New Phytol. xviii, 1919, p. 92. 

Fritsch, New Phytobiii, 1904, p. 218 et seq.; Bristol, 1920, p. 51. 

^ Geitler (1925, p. 21) speaks of these structures as endospores and 
exosporcs according to their mode of formation, but it would appear best 
to restrict the term spore in Myxophyceae to the resting cells above de- 
scribed. 
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the protoplast of the sporangium continues to grow and succes- 
sive gonidia are abstricted from its upper end (cf. also p. 468 ). 
Among the Hormogoneales gonidia, formed singly within the 
parent-cell, are recorded for Anabaetia Azollae Strasb. (Fritsch, 
loc. cit. 1904 , p. 224 ), Phormidium uncinatum Gom. (Brand, 
loc. cit. 1903 , p. 46 ), and Lyngbya aerugineo-coerulea Gom.^ 
The gonidia are usually spherical and develop a thin membrane, 
either before or after liberation from the sporangium. 

In Nostoc punctifornie Sauvageau^ described reproduction by 
small cells with a thin membrane (cocci), apparently ordinary 
vegetative cells. They formed a scum on the surface of the water 
and each one was found capable of producing a colony. 

In no class of the Algae have there been so many records of 
polymorphism as in the Cyanophyceae. This is due to the fact 
that large numbers of diverse forms often occur together forming 
a composite stratum, so that on superficial investigation the 
passage of one form into another is readily imagined. G. S. 
West^ long ago pointed out that the erroneous statements of 
Hansgirg, Wolle, and others, according to which the Chroococ- 
cales were stages in the development of the more highly organised 
forms, were due to many of the colonial Myxophyceae fre- 
quenting similar habitats to those occupied by the higher 
filamentous types. In many cases in fact the former are the 
precursors of the latter in the colonisation of terrestrial substrata. 
A consideration of the older views on polymorphism would 
nowadays be out of place, and it is sufficient to say that they are 
neither supported by pure cultures, nor by accurate observation 
of the diverse forms where they occur together. There is rarely 
much difficulty in discriminating, between the stages in the deve- 
lopment of the filamentous types and the unicellular or colonial 
Chroococcales. 

Some general remarks on the distribution and mode of 
occurrence of the Myxophyceae have already been made above 
(p. 434 ). These may now be supplemented by further details, 
although lack of space forbids more than a cursory treatment. 
Blue-green Algae are found everywhere in damp and wet habitats 
and many of them are almost entirely subaerial in habit, 
occurring in every conceivable situation on rocks, stones, and 
the trunks of trees. The Chroococcales and species of Nostoc 
appear as more or less gelatinous masses of diverse hues, whilst 
the filamentous species frequently form compact felt-like, 
mucous, leathery, or even cartilaginous patches of various 

^ Fritsch, in Rep. Nat. Antarct. Exped. vi, 1912, p. 28. 

^ Ann. sci. nat. Bot. 8 s6r. iii, 1897, p. 367, 

3 Journ. of Bot. 1899, p. 52. 
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colours and of considerable extent — often on the vertical faces 
of rocks which are kept permanently moist (cf. footnote on 
p. 435^, Diverse Chroococcales, together with species of Nostoc, 
Scyt-mema, and Stigonema^ occur amongst Mosses and Liver- 
worts in the deep gullies and glens of mountainous regions. 

Various Myxophyceae, principally of the genera Nostoc, 
Scytonema, and Gloeocapsa, are the algal constituents of Lichens, 
the forms in question being usually much modified and often 
losing almost all traces of their original specific characters. 
Anabaena Azollae Strasb. lives within mucilage-cavities of the 
leaves of Azollay A. Cycadearum Reinke within the root-tubercles 
of Cyras^, while species of Nostoc inhabit similar hollows in the 
thalli of Blasia and Anthoceros. A symbiosis between nitrogen- 
fixing Bacteria and the Blue-green Algae of the subterranean 
soil-community is very probable*^. 

As already mentioned, Myxophyceae constitute the principal 
vegetation of hot springs^. Certain of the Algae involved play 
a considerable part in the formation of rock-masses by the 
precipitation of carbonate of lime or of silica from the water. The 
deposits formed around the hot springs in many parts of the 
world consist of brightly coloured basins or terraces of travertine 
or sinter. All shades of yellow, orange-red, pink, blue, and blue- 
green occur and are due to the presence of the brilliantly coloured 
Algae within the deposit. In the case of the travertine the de- 
position of the carbonate of lime is due very largely to the 
extraction by the Algae of the carbon dioxide dissolved in the 
water, as was first shown by Cohn (loc. cit.). Weed^ has described 
the role of Myxophyceae in the production of the travertine and 
sinter deposits of the Yellowstone National Park; according to 
him 1*25 to 1-5 mm, of travertine are formed in three days. The 
character and colour of the deposit depend upon the temperature 
of the water and the situation of the spring or geyser. Phor- 
midium laminosum has been stated to occur at as high a tem- 
perature as 87*5° C. 

On the shores of the Great Salt Lake, Utah, species of Gloeocapsa 
and Gloeothece are responsible for the formation of oolitic cal- 
careous grains^, whilst Schizothrix fasciculata forms spherical 
calcareous pebbles on the bottom of Lough Belvedere, near 

1 cf. Spratt, Ann. of Bot. xxv, 1911, p. 369; Life, Bot. Gaz. xxxi, 1901, 
p. 205. 

* cf. Bristol, 1920, p. 56, where the earlier literature is considered. 

^ Cohn, Abhandl. Schles. Ges. f. vaterl. Kultur, 1862, p. 85; Tilden, 
Bot. Gaz. XXIV, 1897, p. 194; G. S. West, Journ. of Bot. xl, 1902, 
1>. 241. 

** Hep. United States Geol. Survey, ix, 1887-8, p. 619. 

^ Uothpletz, Bot. Centralbl. li, 1892, p. 265. 
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Mullingar in Ireland^. The oolitic particles found in various 
geological strata may have had a similar origin 2 . Certain species 
of Schizothrix (e.g. S, coriacea) have their strata customarily 
encrusted with carbonate of lime, whilst in Rivularia dura 
particles of lime are deposited within the mucilage of the 
colonies. 

Cyanophyceae also play a big role in ordinary freshwaters. 
Many of the Oscillatoriaceae emit a very disagreeable odour, 
and ponds and ditches which contain quantities of 0,scillatoria 
often have an objectionable smell. Species of Phormidium and 
various Chamaesiphonales are important constituents of the 
attached community in rapidly flowing streams^ and in waterfalls. 
Many members of the class are adapted to a planktonic existence. 
The phenomena of “water-bloom” and the “breaking of the 
meres are due to the sudden and often periodical appearance 
of large quantities of a few species of Myxophyceae, generally 
such as normally occur in the plankton. The extraordinary 
rapidity of their increase, which causes the discoloration of the 
water, together with their equally rapid disappearance, is not 
yet fully understood. Such occurrences appear however always 
to be associated with the presence of plentiful organic nutriment, 
whilst the sudden disappearance may be due to exhaustion of 
the available food-supplies or to the formation of toxic sub- 
stances secreted by the organisms themselves^. Nelson® records 
that the presence of “water-bloom” often had a fatal effect on 
cattle which had been drinking the water^. 

With reference to the broad classification of the Myxophyceae 
there has been very little difference of opinion, saving as regards 
the position of a few genera. The arrangement here adopted is 
essentially the same as in the first edition, saving that Geitler 
has been followed in regarding the Chamaesiphonales as a grou j) 
equivalent to the Chroococcales and Hormogoneales. Elenkin® 
has recently put forward a modified classification of the Chroococ- 

^ Murray, Phycol. Mem. in, 1895, p. 74. 

2 Seward, Fossil Plants, i, 1898, p. 125. 

3 cf. Geitler, Archiv f. Protistenkunde, li, 1925, p. 321 et seq. 

* cf. Phillips, Trans. Shrops. Archaeol. and Nat. Hist. Soc. vii, 1884, 
p. 277; see also Griffiths, Journ. Linn. Soc., Bot., xlvii, 1925, p. 90. 

* cf. Kolkwitz, Ber. Deutsch. Bot. Ges. xxxii, 1914, p. «39; Nuuinann, 
Skrift. Sddra Sverig. FiskerifOren. 1915, No. 13. 

® Minnesota Bot. Studies, in, 1903, p. 52. 

’ Other Blue-green Algae also appear to be poisonous. West (1904, 
p. 316) reports, on the authority of Mr H. Wright, that numbers of liorses 
have frequently been killed by feeding on Lyngbya viajmcula Harvey, 
which occurs in abundance on the coral beaches in the Gulf of Mannar. 

® Not. Syst. Inst. Crypt. Hort. Bot. Petropolitani, n, 1923, p. 05; ef. 
Rev. Algol. I, 1924, p. 69. 
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cales based essentially on the mode of arrangement of the cells 
in the colonies; in its general details this does not differ greatly 
from that adopted below. Few algologists will, however, be 
inclined to agree with him in the wholesale massing of genera 
which he advocates. A certain number of Elue-green Algae 
{Glaucocystis, Gloeochaete, Chroothece) have long presented 
difficulties because of the possession of well-differentiated 
chromatophores, and all kinds of systematic positions have been 
assigned to them. Chroothece has been dealt with at the end of the 
Rhodophyceae (p. 432), whilst the other two genera are placed 
as dubious forms at the conclusion of the consideration of the 
Myxophyceae proper. It is improbable that any of these genera 
are really members of the Myxophyceae. 

The Blue-green Algae ^ are here classed in the following three 
groups : 

I. ChroococcaleSt unicellular pr colonial forms, conunonljLembedded 
in a gelatinous matnx, more rarely free-floating, without differentia- 
tion between base and apex (except in Gomphospha€ria)y reproduction 
usually by simple division only. 

II. ChamaesiphonaleSy unicellular or filamentous, always attached 
to some substratum, with dltfcfenftation between' 

Reproduction commonly by means of gonidia, spores not recorded;”'" 

III. HormogonealeSj filamentous, with simple or branched filanfents 
containing one or more tnehomes within a sheath, reproduction 
largfeljrby hormogonia, spores frequent in some families. 

The following is a key to the British freshwater genera : 

A. Cells without a properly differentiated chromatophore or 
nucleus (true Myxophyceae) 

Group I. Chroococcales, 

Cells or colonies free-floating or forming a gelatinous stratum, not 
epiphytic, reproduction by simple cell-division, very rarely by gonidia 

Chroococcaceae 

a. Cell-division transverse to the long axis only, cells elongate, 
colonies without definite shape 
1 . Cells with rounded extremities 
♦ Cells enveloped in mucilage 
t Cells elongated, each with a distinct mucous coat 

Gloeoihece 

tt Cells little longer than broad, enveloped in a common 
mucous investment Aphanotkece 

** Cells destitute of mucus Synechococctis 

1 There are a number of very useful taxonomic works dealing with the 
Blue-green Algae as a whole, e.g. Lemmermann, 1910; Geitler, 1925; 
Tilden, Minnesota Algae, i, 1910. The last is however quite uncritical. See 
also Geitler, Beih. Bot. Centralbl, xli, 1925, Abt. ii, p. 163 et seq. 
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2. Cells with pointed extremities, enveloped in mucus 

Dactylococcopsis 

h. Cell-division in two directions in one plane, colonies plate-like 

1. Cells globular or rounded-quadrate, regularly arranged 

Merismopedia 

2. Cells elongate, irregularly arranged, with the long axes 

vertical to the surface Holopedium 

3. Cells commonly quadrate, often constricted, solitary or in 

small colonies Tetrapedia 

c. Cell-division usually in all directions of space, cells enveloped 
in mucus, colonies with or without definite shape, but not 
plate-like 

1. Cells forming large colonies 

♦ Cells regularly grouped to form cubical colonies 

Eucapsis 

** Cells arranged near the periphery of more or less spherical 
colonies 

t Cells rounded or ovoid, colonies spherical, and hollow 

Coelosphaerium 

ft Cells pyriform, ellipsoid, or spherical, at the ends of 
mucilage-stalks which radiate from the centre of the 
colony Gomphosphaeria 

*** Cells densely aggregated in globose, elongate, or clathrate 
colonies Microcystis 

ifc«« 4 c aggregated to form gelatinous colonies of no definite 
shape 

t Individual mucous coats clearly evident round each cell 

Gloeocapsa 

tt Cells embedded in a common mucilage envelope, without 
evident sheaths Aphanocapsa 

2. Cells more or less solitary, or forming very small colonies 

Chroococcus 

Group II. Chamaesiphonales. 

Cells or filaments epiphytic, with a distinction between base and 
apex, reproduction mainly by gonidia. 

a, Thallus composed of branched threads forming a creeping 

and upright system and densely compacted to form discs 
or cushions, often of large size, gonidia produced within 
sporangia Pleurocapsaceae 

1. Upright threads few-celled, cell-membranes not gelatinising 

Xenococcus 

2. Upright threads many-celled, cell-membranes of the inner 

cells gelatinising Oncobyrsa 

b. Thallus composed of single, often elongate cells, with a firm 

sheath, gonidia formed apically by abstriction 

Chamaesiphonaceae 
Only genus Chamaesiphon 
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Group III. Hormogoneales, 

Plant composed of simple or branched filaments, reproduction by 
hormogonia 

a. Trichomes cylindrical, sometimes narrowed at the extremities, 
unbranched or with false branches 

1. Heterocysts absent, trichomes unbranched (except Sym- 

plocd) Oscillatoriaceae 

* Trichomes always singly within the sheath, when present 

f Trichomes devoid of a sheath 

§ Trichomes straight or with curved extremities 

Oscillatoria 

§§ Trichomes twisted into a regular spiral 

0 Without obvious septa Spirulina 

00 With obvious septa Arthrospira 

tt Trichomes provided with a sheath 

§ Sheaths thin, hyaline, more or less diffluent, 
trichomes agglutinated by their sheaths to form 
leathery, papery, etc. strata Phormidium 

§§ Sheaths firm, sometimes coloured 

0 Filaments free-floating or forming a matted 
stratum 

00 Filaments forming erect tufts, often with solitary 
pseudo-branches Symploca 

♦♦ Several trichomes within a single sheath, which is often 
branched Vaginarieae 

t Sheaths always hyaline, not lamellose, with many 
trichomes Microcoleus. 

ft Sheaths often coloured, trichomes loosely aggregated 
within the sheath, not very numerous 
§ Sheaths firm, lamellose, hyaline or coloured, with 
few or many trichomes Schizothrix 

§§ Sheaths wide, hyaline or yellow-brown, diffluent, 
with very few trichomes Dasygloea 

2. Heterocysts present, trichomes unbranched, sheaths 

gelatinous, not firm Nostocaceae - 

♦ Trichomes fiexuous and contorted, within a definite 

gelatinous investment Nostoc 

*♦ Trichomes more or less straight, free, or forming a thin 
mucous stratum 

t Heterocysts and spores intercalary 

§ Trichomes nude or with a thin mucous sheath, free 
or aggregated without order to form a flocculent 
mass, cells equal to or longer than their diameter, 
spores solitary, geminate, or in short series 

Anabaena 

^ If with frequent geminate pseudo-branches, see PlecUmema (Scytone- 
mataceae, p. 481). 
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§§ Trichomes short, straight, aggregated in parallel 
bundles to form thin feathery plate-like masses 

Aphanizomenon 

§§§ Trichomes free, spores seriate, remote from the 
heterocysts, cells shorter than their diameter 

Nodular id 

ft Heterocysts terminal and the spores always contiguous 
to them Cylindrospermum 

3, Heterocysts usually present, filaments mostly falsely 
branched, sheaths firm, including one or more trichomes 

Scytonemaiaceae 

* Heterocysts absent, pseudo-branches often geminate 

Plectonema 

** Heterocysts present 

t One trichome within each sheath 

§ Filaments simple, unbranched, heterocysts mainly 
basal, trichomes often somewhat attenuated 

Microchaete 

§§ Filaments with frequent false branches 

0 Branches often geminate, arising between the 
heterocysts Sjn/tonema 

00 Branches usually single, adjacent to the hetero- 
cysts Tolypothrix 

ft Two to six trichomes within each sheath “ 

§ Filaments straight, trichomes with basal heterocysts 

Desmonema 

§§ Filaments contorted, within a common sheath 

Diplocolon 

b. Trichomes conspicuously attenuated towards one or both 
extremities which are generally piliferous, pften fal sely 
branched 1 RwJHSnS 

1. Trichomes attenuated from the base to the piliferous apex, 
heterocysts basal, rarely absent 

♦ Heterocysts absent, filaments very narrow, forming a 

thin stratum Amphithrix 

** Heterocysts usually present (absent in a few sp. of 
Calothrix) 

t Filaments not united into a thallus of definite form 
§ Filaments simple or falsely branched, branches 
distinct and free Calothrix 

§§ Filaments falsely branched, several branches (2-8) 
within a common sheath^ Dichothrix 

ft Filaments radiately disposed within mucilage, forming 
a hemispherical or globular thallus 
§ Thallus attached, globose or hemispherical, tough, 
spores unknown Ruwlarin 


^ cf. also Microchaete, 
^ cf. also Desmonema, 
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§§ Tlialhis attached or free-floating, globose, soft, 
spores regularly produced Gloeotrichia 

2. Trichoiiies attenuated from the middle towards each 
extremity ; hcterocysts absent Hammatoidea 

c. Filaments usually stout and showing true branching, trichomes 
often of more than one row of cells',”' heterocysts present, 
protoplasmic connections often distinct Stigonematneeae 

1. Trichomes composed of a single row of cells Hapalosiphon 

2. Trichomes composed of several rows of cells Stigonema 
H. Cells with well-differentiated chromatophores and nuclei {genera 

incertae sedis) 

(t. Cells free-floating, solitary, or in twos, fours, or eights within 
the wall of the parent-cell Glaucocystis 

b. E{)iphytic, cells singly or in twos or fours, each with one or 
two long bristles Gloeochaete 


GROUP U CHROeX OCCALES 
Family 1. CHH OOCOCC ACE AIP 

In this family are included the main mass of the unicellular 
and'calonial Cyanophyeeae^. The cells vary much in shape in 
the different genera and in the colonial forms are disposed in a 
variety of ways within the often extensive gelatinous invest- 
ment. The latter is sometimes conspicuously lamellose, but more 
often it is hyaline and structureless. Synechococcus (fig. 183, 
D, E) and Tetrapedia (fig. 184, D) are the only genera which are 
commonly destitute of a. mucous envelope. The protoplasts or 
the envelopes, as the ease may be, often contain red, orange, or 
violet pigments. The normal method of multiplication is by 
simple cell-division, the larger colonies ultimately breaking up 
to form smaller ones. Sometimes young colonies arise at the 
sides of the older ones by a process of budding (fig. 185, A). 
Reproduction by gonidia or the formation of thick-walled spores 
is rare. The Chrooeoecaceac are abundant in all kinds of damp 
and wet situations, frequently forming a gelatinous stratum on 
the damp surfaces of dripping rocks; not a few are regular and 
abundant constituents of the freshwater plankton. None is 
epiphytic. 

This family is badly in need of a critical revision. The generic 

^ cf. Crow, New Phytoi. xxi, 1922, p. 81; Wille, Nyt Mag. f. Natur- 
vidensk. lxii, 1924, p. 109. 

* Geitler (1925, p. 120) has rightly separated the genus Entophysalis 
(not recorded for Great Britain) and one or two other forms, in which the 
cells show a tendency to an arrangement in rows attached to a substratum, 
from the rest of the Chroococcales. 
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differences are in part very slight and, whilst the more extreme 
forms are readily distinguished, groups of genera like Gloeocapsa, 
Gloeothece, Aphanocapsa, Aphanothece no doubt grade over into 
one another. Innumerable species of these and other Chroococ- 
eaoeous genera have been described, but many are very in- 
securely founded and in part no doubt mere habitat-forms of 
others. Very valuable work in the direction of clearing up some 
of the confusion has been done by Wille (loc. cit.), but this 
requires to be supplemented by observations such as those of 
Brand ^ on Gloeocapsa alpina and Brunnthaler^ on Gloeothece 
rupestris. Till then, at least, the old-accustomed genera must be 
maintained; to abandon these at the present time would lead 
to chaos. 

The species mentioned under the different genera in the 
following are probably in the main well established and represent 
forms that are frequently encountered in nature. 

Gloeothece Naegeli, 1849^. Cells usually associated to form a 
small colony, elongated, ellipsoidal or cylindrical, each surrounded 
by a thick mucous coat which is sometimes faintly stratified; 
more rarely a number of cells embedded in a common mucilage- 
envelope. Cell-division always at right angles to the longit. axis 
of the cell; cells sometimes arranged with all the longitudinal 
axes more or less parallel to one another. 

Sp. of this genus occur on wet rocks, among wet Mosses, and in 
bog-pools. Three or four Brit. sp. are known, the most frequent being 
G. linearis Naeg. (cells 10-,5-18 1.; 1-3 -2-3 br.) (fig. 183, A) and G, con- 
fliiens Naeg. (cells 5 7-7 5 1.; 2-6-3 br.) (fig. 183, B). 

Rhabdoderma lineare Schmidle and Lauterborn^ would appear to be 
merely a form of G, linearis Naeg. 

Aphanothece Naegeli, 1849^. Differs from Gloeothece only in 
the irregular and rather loose aggregation of large numbers of 
cylindrical, more or less elongated, cells within a common mass 
of mucilage to form usually large macroscopic strata. 

Of the six Brit, sp,^ A, rnicroscopica Naeg. (cells 5-8 1.; 3*5-4 br.) 
(fig. 183, C) and A. saxicola Naeg. are the most frequent, being found 
in bog-pools, at the margins of lakes, and on wet rocks ; the latter sp. 
has pale-coloured strata and cells (1*5-1 -8 br. ; 2-3 times as long). 
A, clathrata W. & G. S. West, with small clathrate colonies of minute 
densely aggregated bacilliform cells (0-6-0-7 br. ; 3-5-4-5 1.), is recorded 

‘ Bot. Centralbl. lxxxiii, 1900, p. 224. 

Sitz.-ber. k. Akad. Wiss. Wien, Mat.-nat. Kl. cxviii, 1909, p. 501. 

^ Naegeli, 1849, p. 57; Brunnthaler, loc. cit. 

* Ber. Deutsch. Bot. Ges. xviii, 1900, p. 148. 

® Naegeli, 1849, p. 59. 
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from the plankton of various Irish lakes, whilst var. endophytica 
W. & G. S. West of A. nidulans P. Richter is a common endophyte 
in the colonies of Coelosphaerium Kiitzingianum (West and West, 
1912, p. 432). 



183. A, Gloeothece linearis Naej;., from Old Cote Moor, W. Yorks. 
B, G. confluens Nae^;., from near Settle, W. Yorks. C, Aphanothece micro- 
scopica Naejj., from Withiel, Cornwall. D and E, Synechococcus aeruginosus 
Xaejr., from Adel Bojf, W. Yorks. (All x450.) 

Symxhococcus Naegeli, 1849^. Cells isolated or in short rows, 
often large, cylindrical, with hemispherical apices and a thin 
membrane, without a mucilage-envelope. Cell-contents usually 
brilliant blue-green, rarely rose-purple, with numerous large 
granules. Cell-division only at right angles to the longit. axis. 

S. aeruginosus Naeg. (5. major Schroet., cells 26-29 1. ; 15-5-17*5 br.) 
(fig. 183, D, E) is the most abundant sp., found free-floating in ponds 
and ditches, as well as in bog-pools. Several sp. are found on damp soil. 

DacUjlococcopsis Hansgirg, 1888^. Cells elongated, fusiform 
or lanceolate, with attenuated extremities, or sometimes sig- 
moidal, rarely solitary, generally collected to form small colonies 
which are often embedded in copious mucilage and are either 
free-floating or associated with other Algae. Pigmented zone 
of protoplast in some cases somewhat lateral in position. Cell- 
division transverse, sometimes faintly oblique. 

' Xac^^cli, 1849, p. 56. 

- Hansgirg, Notarisia, iii, 1888, p. 590; and Prodr. d. Algenfl. v. BOhmen, 
II, 1892, p. 139. 
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There are two Brit. sp. D, montana W. & G. S. West (cells 8-6-11-5 1. ; 
8*5-4 br.) (fig. 184, A) occurs in bog-pools among Sphagnum^ whilst 
D. rhaphidioides Hansg., with long spindle-shaped cells (5-25 1.; 
1-8 br.), is known from the plankton of Lough Neagh. 

Merismopedia Meyen, 1889^. Cells arranged in groups of four 
and in rectilinear series within structureless mucilage to form a 
flat 1-layered rectangular or irregular plate; cells globose, ellip- 
soidal, or oblong, sometimes slightly angular by compression, 
with homogeneous contents. Cell-division in two directions. 

Of the four Brit, sp., M. glama (Ehrenb.) Naeg. (cells 3*8-8*8 br.) 
(fig. 184, B) is the commonest, occurring in ponds, ditches, bogs, and 



Fig. 184. A, Dactylococcopsis montana W. & G. S. West, from Widdale Fell, 
W. Yorks. B, Merismopedia slauca (Ehrenb.) Naeg., from Thursley 
Common, Surrey. C, M. elegans A. Br., part of a large colony from Wicken 
Fen, Cambridge. D, Tetrapedia Reinschiana Arch., from near Goring, 
Oxford. (All x450.) 

lakes, where it is often found in the plankton. M. punctata Meyen, 
with widely separated cells, and M, elegans A. Br. (M, aeruginea Br^b.), 
the largest sp. with deep blue-green cells (6*5-9*5 br.) (fig. 184, C), are 
not infrequent in stagnant water. The colonies of M, glauca and 
M. elegans often reach a large size (diam. up to 220 p) and may 
contain as many as 1856 cells. 

Holopedium Lagerheim, 1883 (incl. Microcrocis Richter, 1892)^. 
Cells cylindrical with rounded ends, irregularly disposed in 
1 -layered plate-like colonies in which the cells are placed with 
their long axes at right angles to the surface of the plate. Cell- 
division in two directions, parallel to the longitudinal axis of 
the cell. 

1 Naegeli, 1849, p. 55. 

* Lagerheim, Ofvers. K. Sv. Vet.-Akad. Fdrhandl. xl, 1888, No. 2, 
p. 42; and Nuov. Notarisia, iv, 1893, p. 207. 
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H, irregulare Lagerh. (ftg. 189, A) is reported by W. West from Clare 
Island, but this is so far the only Brit, record. 

Tetrapedia Reinsch, 1867^. Cells in some sp. almost invariably 
solitary, but in others grouped in flat, 2-16 celled colonies like 
those of Merismopedia; cells flat, quadrate in general outline, 
often more or less constricted into two equal half-cells, with a 
firm wall and homogeneous contents. Cell-division in two direc- 
tions along the lines of constriction. 

The three Brit. sp. are all rare. T. Reinschiana Arch, (cells 5*5-6 br.) 
(fig. 184, D) and T.glaucescens (Wittr.) Boldt (Arthrodesmm glaucescens 
Wittr.), with small spines at the corners of the cells (11 br.), occur in 
lakes and bog-pools. T. setigera Arch., which has been erroneously 
referred by some authors to Tetraidroriy is a beautiful sp. with 
triangular cells bearing long spines ; it is known from N.W. Scotland 
and'W. Ireland, as well as from the lake in the Royal Botanic Gardens, 
Kew. 

Emapsis Clements & Shantz, 1909^. Colonies usually of 
82-128 spherical, or more rarely ellipsoidal, cells, arranged to 
form solid cubical free-floating packets. Cell-division along three 
directions at right angles to one another. 

The genus differs essentially from Merismopedia only in the oecur- 
rence of division along three planes. E. alpina Clements & Shantz 
(diam. colon. 30-80; cells 6-7) (fig. 189, B) is recorded by W. West 
from Clare Island. 

Coelosphaerium Naegeli, 1849^ Cells more or less closely 
grouped just within the periphery of a mass of mucilage (which 
sometimes shows faint radial striation) to form a hollow spherical 



Fig. 185. A'; Coelosphaerium Kiitzingianum Naeg., from the plankton of 
Lough Neagh, Ireland. B, Gomphosphaeria aponina Kiitz., from Keston 
Common, Kent (*x 350). 

^ Reinsch, Algenfl. v. Franken, 1867, p. 37. 

^ Clements and Shantz, Minnesota Bot. Stud, iv, 1909, p. 133. 

^ Naegeli, 1849, p. 54; Bachmann, 1907, p. 60; Smith, 1920, p. 33. 
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colony; cells globose, ellipsoidal, or oboxoid, with granular cell- 
contents, often including pseudo-vacuoles, lleprod. by division 
of colonies, by a kind of budding, and by liberation of single 
cells; cell-division along two directions at right angles to one 
another^. 

This genus is a common, and at times dominant, constituent of the 
freshwater plankton and is also found frequently in large ponds. The 
most abundant of the four Brit. sp. are (\ Kutzinguinnm Naeg. 
(colonies 48-90 ; cells 3-3*8 hr.) (fig. 1 8.5, A) and C. Xaegelianum Unger 
(GompJiosphaeria Naegeliana Lemm.); the latter has obovoid or 
ellipsoid cells (1*5-5 hr.; 3*5-7 1.) with pseudo- vacuoles. C. minutis- 
simiim Lemm., with cells only 1 p, broad, is not uncommon. 

Gornphosphaeriq K\it7Ang, 1836 2 . Cells grouped in pairs or 
fours towards the periphery of a globular or ellipsoid mass of 
mucilage, the cells situated at the ends of a system of short 
thick dichotomising mucilage-stalks which are formed from the 
split remnants of the parent cell-membranes and radiate from 
the centre; cells pyriform, obovoid, or ellipsoidal or, during their 
multiplication by longit. division, sometimes heart-shaped. 
Reprod. by splitting of colonies into two, and by the formation 
of gonidia. 

Of the two Brit, sp., G, aponina Kiitz. (colonies 64-78 br. ; cells 
8*5-11*5 1.) (fig. 185, B) is not uncommon in ponds, lakes, and stagnant 
ditches. G. laciistris Chod. (colonies 28 76 hr.; cells 2 2*2 br.) (fig. 
189, E) is a frequent constituent of the plankton of the Brit, lakes 
and may at times be a dominant form. 

Crow^ has advocated the inclusion of this genus in the Chamae- 
siphonales, owing to the usually obvious distinction of base and apex 
in the cells and the occurrence of gonidia. It must be borne in mind, 
however, that the mode of colony-formation is a widespread one (cf. 
Dictyosphaerium) and that, where so little is known of the reproduction, 
the possession of gonidia may not be as exceptional as it seems to be 
at present. 

Microcystis Kiitzing, 1833^. {Polycystis Klitzing, 1845; 
Clathrocystis Henfrey, 1856). Cells small^ m ostly globose, 
dense ly aggregated within structureless solid 

^ The principal difference between Coelosphacrium and Gomphosphaeria 
lies in the presence of mucilage-stalks, connecting the cells of the latter to 
a common centre. Troitzkaia (Not. Syst. Inst. Crypt. Hort. Bot. Petro- 
politani, ii, 1923, p. 69; cf. Rev. Algol, i, 1924, p. 73), however, records the 
presence of stalks bearing the spherical ceils of C. Kiltzingianum. 

2 Chodat, Bull. Herb. Boissier, vi, 1898, p. 180; Schmidle, Ber. Deutseh. 
Bot. Ges. XIX, 1901, p. 16; Geitler, loc. cit. p. 207. 

* New Phytol. xxi, 1922, p. 86. 

^ Crow, ibid, xxii, 1923, p. 59. 
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colonies which may be spherical, ellipsoidal, oblong, much 
elongated, or clatjbirate ; cell-contejats blue-green, pliYCrgreen, 
or rose-purple in colour, often with pseudo- vacu oles* Cell- 
division in all directions. 

There are about a dozen Brit. sp. M. marginata (Menegh.) Kiltz. 
(cells 2*6-6 br.) (fig. 186, B), M . flos-aquae (Wittr.) Kirchn., M. elabens 
(Br^b.) Kutz., and M. stagnalis Lemm. (cells 1-1*5 br.) (fig. 186, A) 
are all common in boes and lakes ; all except M. stagnalis have pseudo- 



Fig. 186. A, Microcystis stagnalis Lemm., from the plankton of Lough 
Neagh, Ireland. B, M. marginata Menegh., from Old Cote Moor, W. Yorks 
(the margin of the mucilage-envelope is usually .more distinct) (x45p). 

vacuoles, whilst M. elabens is one of the few sp. with elongate cells 
(1-1*5 br.; 8-^ 1.). M. aeruginosa Kutz. (Clathrocystis aeruginosa 
Henfrey) (fig. 189, D) often occurs in prodigious quantityjj j^g g jj [g and 
in the plankton of lakes. M. stagnalis Lemm. and M. incerta Lemm. 
are other common planktonic sp. 

M. roseo-persicinus Kiitz. (Clathrocystis roseo-persicina Cohn), 
which is often found abundantly in ponds and ditches containing 
much decaying vegetation, is a Schizomycete. 

Gloeocapsa Ktitzing, 1843; emend. Naegeli, 1849^ Cells 
globose, embedded in groups of 2-82 within stratified mucilage- 
sheaths which represent the envelopes of successive generations 
and may be colourless, yellow, brown, blue, violet, or red, 
innumerable such groups being usually combined to form large 
irregular expanses constituting gelatinous crusts or strata^. 
Cell-division alternately along three planes at right angles to 
one another, the products becoming irregularly arranged; at 
times more irregular divisions occur. Thick-walled resting 
spores known in some sp. (G. alpina, G. gigaSy G. sanguinea), 

^ Brand, loc. cit. 1900; Wille, Vidensk. Selsk. Skrift. 1906, No. 8, p. 21, 
and loc. cit. p. 184. Various authorities identify Bichaiia Turpin, 1827, 
with Gloeocapsa, but G. S. West (1904, p. 850) was of the opinion that this 
was uncertain. 

* Within the interior of such strata the sheaths of the various groups may 
become diffluent and combine to form a homogeneous mass of mucilage. 
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There are about 20 Brit, sp., some of which are of doubtful validity. 
Most occur on wet or dripping rocks, generally associated with other 
Myxophyceae. G, punctata Naeg. (cells 1*5-2 br.) is the smallest, 
forming blackish or greenish-grey strata. 6?. polydermatica Kiitz. is 
remarkable for the lamellation of the envelopes (fig. 187, C-E). 
G. magma (Br6b.) Kiitz., with golden-yellow or brown envelopes 
(fig. 187, B), and G, Ralfsii (Harv.) Lemm. (G, Ralfsiana Kiitz.), 
with bright red or purple envelopes, are two of the best-defined sp.; 
the former is very abundant in W. Scotland and the Hebrides in the 
form of lobed, brownish-purple patches found among stones on wet 
ground and locally known as “mountain dulse.” Sp. of this genus are 
the algal constituents of some Lichens. 


Aphano^apBa Neiegeli, 1849^. Cells globose, blue-green or 
olive-green in colour, mostly without individual mucilage- 
sheaths, irregularly and loosely aggregated to form smaller or 
larger colonies within a common homogeneous mass of mucilage 



Fig. 187. A, Aphanocapsa Grevillei (Hass.) Habenh., from Helln Pot, 
W. Yorks. B, Gloeocapsa magma (Br6b.) Kiitz., and C-E, G, polydermatica 
Kutz., both from Boston Spa, W. Yorks. (All x 450.) 


which may be colourless, brown, or blue-green. Cell-division in 
all directions 2. The genus only differs from Aphanothece in the 
shape of the cells, and from Microcystis in their less dense aggre- 
gation. 

^ Naegeli, 1849, p. 52. 

^ According to Geitler, 1925, p. 63, division often takes place only along 
one plane, the daughter-cells becoming displaced in all directions. 
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There are six Brit. sp. Some are found in stagnant water or 
covering wet rocks with extensive gelatinous strata, whilst othets 
occur in the plankton. The most frequent sp. is A. Grevillei (Hass.) 
Rabenh. (cells 3-4-4-5 br.) (fig. 187, A). A characteristic plankton- 
form is A. delicatissima W. & G. S. West, Math more or less ellipsoidal 
colonies containing very minute cells (0-5-0-75 br.). 

CAroococcw^ Naegeli, 1849 Cells globose, solitary or associated 
in srnMl colonies of 2-4-8-16 or more cells which are free-floating 
or mixed with other Blue-green Algae to form a stratum on wet 
rocks; mucilage-envelopes about the individual cells or cell- 
groups firm, narrow or wide, homogeneous or lamellated, 
generally colourless, but sometimes yellowish-brown; cell- 



Fig. 188. A, Chroococcus giganteus West, from Bowness, Westmorland. 

B, C. turgidus (Kiitz.) Naeg., from Slieve Donard, Down, Ireland. C and D, 

C. schizodermaticus West, from near Windermere, Westmorland. (All 
X 450.) 

contents granular, brilliant blue-green or more rarely brown, 
violet, olive-green, or yellow-green. Cell-division along three 
planes at right angles to one another. Gonidia recorded in one 
sp.2 A genus closely related to Gloeocapsa, which differs princi- 
pally in the formation of much larger colonies and the more 
irregular arrangement of the cells. 

There are about ten Brit, sp., of which the most widely distributed 
is C. turgidus (Kiitz.) Naeg. (cells 13-25 br.) (fig. 188, B), which often 
occurs in quantity in Sphagnum-bogs and is also frequent in salt- 
marshes. C. cohaerens (Br^b.) Naeg., C, giganteus West (fig. 188, A), 
C. minor (Kiitz.) Naeg., and C. pallidus Naeg. are not infrequent in 

‘ Naegeli, 1849, p. 45; Acton, loc. cit. p. 488; Wille, loc. cit. p 172. 

2 West, 1916 a, p. 25. 
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ponds, lakes, and bog-pools ; all of these except C. giganteus, which is 
characterised by its huge cells (54-58 br.), form extensive strata. 
C. schizodennaticus West (fig. 188, C and D) is remarkable for its tough 
stratified envelopes, the layers of which are gradually split off and 
shed. C. Umneticus Lemm. is a frequent constituent of the Brit, 
plankton. 

Another not uncommon form in the bogs of moorland and upland 
districts is C. macrococcus Rabenh. (Urococcus insignis (Hass.) Kiitz.; 
Haematococcus insignis Hass.) which sometimes occurs abundantly 
amongst submerged Sphagnum, especially in peaty pools; the cell- 
contents are golden to dark brown and the envelope is thiek and lamel- 
lose, the outer layers often splitting off; cells 25-51 br., with integu- 
ment 41-78 br. Acton (loc. cit. p. 448) has expressed the opinion that 
Chroothece Richierianum Hansg. (cf. p. 433) is but a form of this long 
misunderstood sp. 

GROUP 2. CHAMAESIPHONALES 
Family 1. PLEUROCAPS ACEAE 

The members of this family, as Geitler^ was the first to ex- 
pound clearly, possess a branched filamentous thallus differ- 
entiated into an attaching base and a more or less well-marked 
upright system (cf. Chaetophorales among the Isokontae), both 
exhibiting apical growth; the base is often parenchymatous, 
through coalescence of filaments. The upright system usually 
consists of densely aggregated threads which are either placed 
vertically (Pleurocapsa) or exhibit a radial arrangement (On- 
cobyrsd), thus giving rise to crusts, or more or less hemispherical 
cushions, as the case may be. In some genera (Oncohyrsa (fig. 
189, K)) the cells in the inner parts of the cushion exhibit marked 
gelatinisation of the membranes, so that the filamentous habit 
is obscured and a colonial one is suggested. Reproduction takes 
place by the formation of gonidia (Geitler’s endospores) within 
enlarged cells (sporangia) which are often terminal. 

The relationships of this rather specialised group of forms, 
which are apparently better represented in the sea, are altogether 
obscure. It may be doubted whether there is any close affinity 
with Chamaesiphon. The majority of the freshwater forms occur 
as epiphytes on stones and larger Algae in rapidly flowing 
waters. Few are at present known from the British Isles. 

Xenococcus Thuret, 1875; emend. Geitler, 19252. Thallus 
composed only of a parenchymatous basal disc, or of the latter 
together with numerous relatively short, few-celled, upright 
threads coalescing laterally to form a more or less extensive 

^ Geitler, Archiv f. Protistenkunde, li, 1925, p. 343, and Beih. Bot. 
Centralbl. xli, 1925, Abt. ii, p. 238; also Geitler, 1925, p. 124. 

2 cf. Geitler, Archiv f. Protistenkunde, li, 1925, p. 348. 



466 CLASS XI. MYXOPHYCEAE {CYANOPHYCEAE) 



Fig. 189. A, Ilolopedium irregulare Lagerh. (after La^erheim, x480); the 
two upper cells seen from the side, the lower ones in surface- view. B, 
^Eucapsts alpina Clements & Shantz (after Clements & Shantz). D, Micro- 
cystis aeruginosa Kiitz. (after Kirchner, x 24). ^y>Gomphosphaeria lacustris 
Chod. (after G. M. Smith, x 825). C and F-I, Xenococcus britannica n.sp., 
from the East Lyn, Devonshire; F, basal layer; G, a number of the strata 
(nat. size); and H, superficial layer of stratum; C and I show formation 
of gonidia (x480). J-K, Oncob^sa rimUaris Kiitz. emend. Geitler (after 
Geitler, x800); J, prostrate threads of juvenile stages; K, vertical section 
of young stratum. 
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parenchymatous stratum. Cell-membranes delicate or thickened, 
not gelatinising. Reprod. by gonidia formed in sporangia which 
are either produced at the margin of the basal stratum, or at the 
ends of the upright threads; in some cases also formed by 
abstriction from the marginal cells (?). 

X. hritannica n.sp. (Oncohyrsa britannica Fritsch^) (fig. 189, C, F-I) 
is a very abundant form on the pebbles in the beds of many Devon- 
shire streams and will no doubt be found in other parts of the country ; 
it forms small roughly circular patches or large irregular incrustations 
of a brownish-black or sometimes faintly purple colour. X. rivularis 
(Hansg.) Geitler (Pleurocapsa rivularis Hansg., cells 3-4 br.) has been 
found attached to Cladophora in Devonshire streams; in this sp. only 
the creeping base is known. 

Oncohyrsa C. A. Agardh, 1827^. Thallus composed of basal 
disc and upright densely packed threads, forming extensive 
strata; upright threads comprising numerous cells, whose 
membranes become gelatinous in the inner parts of the stratum 
and give rise to an amorphous mass of mucilage within which 
the cells appear embedded. Sporangia and gonidia unknown. 

O. rivularis Kiitz. emend. Geitler (cells of upright threads l-5~3*5 br.) 
(fig. 189, J, K) forms small colonies attached to rocks and other Algae 
in the Devonshire streams. 

Family 2. CH AM AESIPHOlf CEAE 

This includes only the genus 

Chamaesiphon A. Braun & Grunow, 1864^ (inch Sphaero- 
gonium Rostafinski, 1883). Unicellular, epiphytic on other 
aquatics, usually aggregated in dense clusters, sometimes 



Fig. 190. Chamaesiphon incrustans Grun., on a filament of Rhizoclonium y 
from Heaton, W. Yorks (x416). 

colonial; cells small, ovoid, pyriform, cylindrical, or much 
elongated (many times -as long as broad), often widening from 
the base upwards; membrane thin; cell-contents homogeneous, 

^ Journ. of Ecol. xiii, 1925, p. 173. 

2 Geitler, loc. cit. p. 350. 

3 cf. Geitler, loc. cit. p. 322. 
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blue-green, violet, or yellow in colour. No vegetative cell-divi- 
sion. Reprod. by gonidia abstricted successively from the upper 
end of the protoplast which is exposed by the membrane ruptur- 
ing apically ; the ruptured membrane appears as an open 
sheath around the protoplast. 

The affinities of Chamaesiphon are altogether obscure. It is 
possible that the peculiar mode of gonidium-formation is derived 
from that of the Pleurocapsaceae. Geitler (loc. cit.) has recently 
described an interesting colonial species (C. fuscus Hansg.) in 
which Dinobryon-Wkc groupings are produced by germination 
of the gonidia at the mouth of the ruptured membrane ; in other 
species (e.g. C. polymorphus Geitler) the abstricted gonidia are 
kept in situ by excreted mucilage and, since they in their turn 
form gonidia, long chains of cells may arise simulating a filamen- 
tous construction. 

Only three Brit, freshwater sp. have so far been recorded. Of these, 
C. confervicola A. Br. occurs as an epiphyte on Cladophora, Rhizo- 
cloniuniy Vaucheriay etc., whilst C. incrustans Grim, (cells 3*5-4-8 br.) 
(fig. 190) often thickly covers filaments of Rhizocloniuni and Oedo- 
gonium. The former differs from the latter in the enlargement of the 
apex of the reproductive cell and the production of more numerous 
gonidia. 

GROUP 3. HORMOGONEALES^ 

FAM1I.Y 1. OSCILLATOKIACEAE 

This includes the simpler non-heterocystous members of the 
Hormogoneales. The trichomes consist of a uniform row of often 
very short, discoid cells, and are either straight or flexuose, 
rarely spirally twisted (fig. 192). They are devoid of a special 
sheath only in a few genera (Oscillatoria, Spirulina). They either 
float freely or form a more or less firm mucilaginous stratum on 
damp surfaces, submerged stones, or on the muddy bottom of 
ponds and ditches. 

Generic differences are mainly based on the characters of the 
sheath, as well as on the number (one to many) of trichomes 
included within it. Specific differences depend inter alia largely 
on the features presented by the apices of the trichomes^, which 

^ Some authorities distinguish within this group the Psilonemateae 
(Oscillatoriaceae, Nostocaceae, Scytonemataceae, Stigonemataceae) and 
Trichophoreae (Rivulariaceae, Camptotrichaceae, see p. 491) — ^the latter 
characterised by the conspicuous attenuation of the trichomes towards 
one or both extremities, which are generally piliferous. This lays too much 
stress on a minor character. 

* As a general rule only a certain number of the trichomes in a stratum 
show the typical apex. 
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are sometimes slightly attenuated. The apical cell may be 
rounded, conical, or more or less dilated (capitate) (fig. 191, A), 
and its external surface is frequently covered by a slightly 
thickened hood (the calyptra) (cf. fig. 191, B, C); it is probable 
that the latter is of diverse nature, sometimes representing a 
thickening of the membrane, in other cases a collapsed terminal 
celU. The trichomes are often perfectly cylindrical with straight 
margins, but in other species there may be a more or less pro- 
nounced constriction between the cells. Several of the Oscil- 
latoriaceae exhibit slow gliding or rotatory movements (p. 447). 
Reproduction is mainly effected by hormogonia. With reference 
to the occurrence of spores, cf. Brand (loc. cit. 1903, p. 37) and 
Hansgirg (loc. cit. p. 75). 

The Oscillatoriaceae have been well monographed by Gomont^ 
and, though some of the specific differences employed appear 
a little unsatisfactory, the taxonomy is better founded than that 
of any other family of Blue-green Algae. They are usually 
subdivided into 

Sub-family 1. Lyngbyeae, in which there is only one trichome 
within the sheath, when the latter is present^. 

Sub-family 2. VaginarieaCy in which several trichomes are 
included within a common sheath which is frequently branched 

Sub-family 1. Lyngbyeae 

Oscillatoria Vaucher, 1803^ {Oscillaria Bose, 1800)^. Tri- 
chomes free or interwoven to form a thin stratum, cylindrical, 
devoid of a sheath (in rare cases with a temporary sheath, e.g. 
O. Agardhii Gom.)®, the edges usually presenting a continuous 
unbroken line, though faint constrictions are evident between 
the cells in some sp. ; cells varying much in the relation of length 
to breadth, but in the wider sp. always very short and discoid, 
septa in some sp. obscured by rows of fine granules. Extremity 
of trichome straight or curved and often attenuated; apical cell 
sometimes rounded, sometimes much attenuated or capitate 
(fig. 191, A), frequently furnished with a calyptra. For move- 

^ Brand, Hedwigia, xlv, 1906, p. 9. 

2 Ann. sci. nat., Bot., s6r. 7, xv, 1892, p. 263, and xvi, 1892, p. 91. 

® The genus PlecUmemay which is often referred to Oscillatoriaceae, is 
probably better regarded as a non-heterocystous member of the Scytone- 
mataceae (p. 481). 

* Schmid, Jahrb. Wiss. Bot. lx, 1921, p. 572; Funk, Ber. Deutsch. Bot. 
Ges. XXXVIII, 1920, p. 267. 

® For reasons for adopting the generic name “0«ci7Zatoria” see Gomont, 
Journ. de Bot. v, 1891, p. 273. 

* Lemmermann, Arch. f. Hydrobiol. u. Planktonk. iv, 1909, p. 181. 
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ments of the trichomes, see p. 447. Gonidia known in a few 
sp. (cf. Lemmermann, 1910, p. 18). 

Sp. of this genus are met with in great profusion in all kinds of wet 
situations, as well as on damp ground. Flocculent masses of Oscillatoria, 
intermixed with a certain amount of mud, are often found floating 
on the surfaces of ponds and ditches after sunshine ; these are portions 
of the stratum covering the bottom, which float owing to the retention 
of bubbles of oxygen amongst the intricate network of trichomes. 
They commonly give off a more or less distinctive odour. 



Fig. 191. -A, Oscillatoria proboscidea Gom. B, O. limosa Ag. C, O. irtigua 
Kiitz. D, O. tenuis Ag, E, O. brevis Kutz. F, O. splendida Grev. G^Arthro- 
spira Jenneri Stiz. (All after Gomont, F x 876, the remainder x 520.) 

There are about 20 Brit sp., one of which (O. decoloraia G. S. West, 
1899, p. 268) is destitute of pigment and leads a saprophytic existence 
in stagnant ditches. O. princeps Vauch., with attenuated apices and 
a slightly capitate apical cell, is the largest (trich. 25-50 br.) and 
O. anguatiasima W. & G. S. West, whose cells are up to twice as long 
as broad, the narrowest (trich. 0-6 hr.). The most abundant are 
O, limosa Ag. (trich. 12-17 br.) (fig. 191, B) and O. tenuis Ag, 
(4-10 br.) (fig. 191, D). O. irtigua Kiitz. (fig. 191, . C) is common in 
quickly running water; the apical cell has a somewhat thickened 
membrane. O. mbescens DC. is a characteristic plankton-sp. which is 
found in the Brit. Isles, forming purplish floating masses ; the apical 
cell is capitate with a well-marked calyptra. 
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SpixuUrm Turpin, 1827^. Trichomes very narrow, twisted into 
a regular spiral, the coils being far apart or 

closely arranged; septa indistinct or ab- ^ 

sent. Regarding movements, see p. 447. ^ 

According to Schmid (loc. cit.) septa are pjg ^^2. A, Sjpirulina 
readily brought to light by staining with Cram., from Lough 

neutral red and in some sp. are indicated by Neagh, Ireland. B, S, 
granules located on either side of the wall. wflyorKutz.,fromWicken 
On the strength of this observation, Geitler )• 

(1925, p. 342) includes Arthrospira (cf. below) in the genus Spirulina, 
There can be no doubt that septa occur in some, though perhaps not 
in all, sp. of the latter genus. The habit of the sp. of Spirulina is 
however so distinctive that a separate genus appears warranted on 
that score alone, quite apart from the usual obscurity of any septation. 

There are three Brit. sp. S. major Ktitz. (trich. 1 •5-2*5 br.) (fig. 
192, B) is frequent in stagnant water and S. tenuissima Kiitz. {S, sub- 
salsa Oersted) is often abundant in salt and brackish water, rarely 
occurring in freshwater; the trichomes (1-2 br.) in the latter are 
twisted into a close spiral. 

Arthrospira Stizenberger,.1852. Trichomes of moderate width, 
cylindrical, devoid of a sheath, twisted into a regular spiral; 
cells generally shorter than their diam., with well-marked septa. 
Regarding movements, see p. 447. 

A. Jenneri Stiz. (fig. 191, G) occurs rarely in stagnant water or 
forms a dark green mucous stratum in triclding water; trich. 5-8, 
coils of spiral 9-15 br. 

With reference to the relation of this genus to Spirulina, see under 
the latter. 

Phormidium Kiitzing, 1843 (Hypheothrix Kiitzing, 1848 (in 
part); Leptothrix Kiitzing, 1843 (in part)). Filaments^ sometimes 
subparallel but more commonly densely interwoven, usually 
agglutinated to form extensive foliaceous strata which are often 
soft and slimy, but in some sp. papery, leathery, or even sub- 
cartilaginous; sheaths delicate, hyaline, frequently becoming 
confluent or altogether diffluent, in some sp. giving a blue 
coloration with chlor-zinc-iodide. Trichomes cylindrical, with 
straight or curved apices, in some sp. with prominent constric- 
tion between the cells, so that the threads appear moniliform or 
torulose; apical cell attenuated or capitate, sometimes with a 
calyptra. Gonidia known in a few sp. 

Sp. of this genus are amongst the commonest Blue-gjreen Algae, 
the strata occurring either on damp earth, wet rocks, or entirely 

1 Schmid, Archiv f. Protistenk. xliii, 1921, p. 403. 

® i.e. sheath + contained trichome, cf. footnote on p. 486. 
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sTil)niierged. They often give a decided tint to large areas of damp 
ground or vertical limestone rocks, and are very characteristic 
features on rocks in waterfalls and rapidly flowing streams. There are 
about 13 Brit. sp. P. autumnale (Ag.) Gom., with trichomes (4-7 br.) 
usually having a well-marked capitate apical cell, is abundant on damp 
earth, whilst P. tenue (Menegh.) Gom. (trich. 1-2 br.) (fig. 193, E, F), 
with thin membranous strata, is frequent among other Algae in ponds, 
ditches, and rivers; the filaments of both sp. are also commonly 
encountered in cultivated soils (Bristol, 1920, p. 44). P. purpurascens 
(Kiitz.) Gom. (trich. 1-5 -2 br.) forms reddish-purple leathery patches 
on the vertical faces of wet limestone rocks. P. Retzii (Ag.) Gom., 
with large blue-green to slate-green strata, is an abundant form in 
rapidly flowing water*. 

Lyngbya C. Agardh, 1824 (Leibleinia Endlicher, 1836; 
Leptothrix Kiitzing, 1848 (in part); Spirocoleus Mobius, 1889 (in 
part)). Filaments free-floating or densely intertwined to form 
a floceose mass or an expanded stratum; sheaths firm, \ ariable 
"thick ness, sometimes lamellos(‘, gcaie rally hyaline, but in a few' 



Fig. 193. A, Lyngbya major Menegh., from Wimpole Park, Cambridge. 
B and C, L. nerugineo-coerulea (Kiitz.) Gom., from Bradford, W. Yorks. 
D, Phormidium molle (Kiitz.) Gom. (a narrow form), from Bradford, 
W. Yorks. E and F, P. ienue (INIenegh.) Gom., from Wicken Fen, Cambridge. 
(All x400.) 

sp. becoming yellow-brown in later stages. Trichomes obtuse 

slightly’^ attenuated at the apices, sometirnS^ with evident 

constrictions between the cells, Gonidia known in one sp. 
(p. 449). 

Sp. of this genus are widely distributed and occur in very varied 
habitats. ^ number of sp., largely m arine. groupedLin the subgenus 

* CUmolhrix gracillima W. & G. S. West is a species of Cladothrix (Schizo- 
mycetes). 
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Leibleinia, are attached to larger Algae or are found on pebbles in 
streams ; these epiphytic forms are as yet very imperfectly known. 

Of the 12 Brit, freshwater sp., Z#. Martensiann Menegh., with rather 
thick structureless sheaths (trich. 6-10 hr.), and L. aerugineo-coerulea 
(Kiitz.) Gom. (trich. 4-6 br.) (fig. 193, B and C) are the most abundant. 
L. ochracea (Kiitz.) Thur.^ occurs in water containing much iron, the 
oxide of iron ultimately forming a thick deposit round the sheaths 
of the filahrients. L. aestuarii (Mert.) Liebm. is the largest Brit, fresh- 
water sp. (trich. up to 24 br.), although it is principally found in 
brackish or marine habitats ; the sheaths of old filaments are yellow- 
brown and stratified. Several sp. of Lynghya occur in the freshwater 
plankton (cf. West and West, 1909 «, p. 187), and of these some have 
spirally twisted filaments (e.g. L. contorta Lemm., which is known from 
the Scotch lakes). 

Note, The genera Oscillaloriay Phormidium, and Lynghya, whilst 
closely allied, are readily distinguished. The strata occasionally 
formed by the first and last are easily seen, sometimes even with a 
lens, to possess a filamentous texture, whilst those of Phormidium are 
far more compact, since the component filaments are agglutinated 
by a basis of mucilage. The trichomes of all three are sometimes found 
separate^. 

Symploca Kiitzing, 1843. Filaments densely interwoven to 
form a creeping stratum giving rise to numerous erect tufts of 
variable height (fig. 194, B); filaments in some sp. with pseudo- 
branches arising singly; sheaths thin, hyaline, and generally 
firm, partially coalescent in the erect tufts. Trichomes with 
straight apices. 

S, muralis Kiitz. occurs on damp earth, walls, or trunks of trees; 
it is known from W. Yorkshire and Wyre forest (triqh. 3 4-4 br.) 
(fig. 194, B, C). S. thermalis Kiitz. (trich. 1*2-2 br. ; cells 2-3 times as 
long as broad) is found growing in chinks between the brickwork of 
the pits in the Royal Botanic Gardens, Kew (Fritsch, 1906, p. 212). 
Other sp. occur among Mosses and dead leaves and some are found in 
hot springs. 

Sub-family 2. Vaginarieae 

Microcolem Desmazi^res, 1823 (Chthonoblastus Kiitzing, 
coa rse, simp le^g r, 

terrestr. or aquat., furni^edJ;witK"a \^de^ hyaline, 

^ This species is probably one of the Bacteria {Chlamydothrix ochracea 
(Kiitz.) Mig.); cf. Naumann, Arkiv f. Bot. xvi, 1919, No. 1, p. 10; Grove, 
1920, p. 7. 

^ A key for the determination of such isolated trichomes has been pre- 
pared by Wager (Naturalist, 1913, p. 305 et seq.). The determination of 
species without knowing the characteristics of the stratum is, however, 
scarcely to be advocated. 
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more or less cylindrical, non-lamellose sheath, generally diffluent 
at t he apgx. Arichomes numer 


ous, closely aggregated 
the central part of the sheath, 
often densely interwoven; 
apical cell acu te or acutely 
comcfal^ rarel^capitat^^ 

Sp. of this genus are not com- 
mon in Britain. M. vaginatus 
(Vaiich.) Gom., with conical capi- 
tate end -cells to the trichomes 
(8*5-7 hr.), is occasionally found 
on damp ground, whilst M. 

■ T iim in which 
the trichomes show constrictions 
between the cells and the end-cell 
is not capitate, is a frequent 
member of salt-marsh floras. 
M. subtorulosus (Br6b.) Gom. 
(trich. 4-5 br.) and M. delicatulm 
W. & G. S. West (trich. 1*5-2 
br.) (fig. 194, A) are known from 
Scotland. 

Schizoihrix Kiitzing, 1843 
{\n^. Inactis Kiitzing, 1843; 
Hypheothrix Kiitzing, 1843 (in 
part)). Filaments occasionally 
floating freely in water {Indctis), 
more usually agglomerated to 
form small cushion-like masses 



(TnnrtM erect tufts (Sumnln- Microcoleus delicatulus 

[inactlS), erect turts (oympio w. & G. S. West, from Glen Tummel, 

castrwn), or a nat stratum Perthshire ( x 350 ). B and C, iS'ywp/oca 

{Hypheothrix), sometimes im- muralis Kutz., from Frizinghall, W. 

pregnated with lime; filaments 

simple or variously branched, occasionally of great length; 
sheaths firm, close-fitting, or wide and more or less lamellose, 
generally attenuated towards the apex, not uncommonly 
coloured (esp. section Chromosiphon), the inner layers being 
any shade of yellow, yellow-brown, purple, or blue and usually 
of a deeper tint than the outer layers. Trichomes relatively few 
(sometimes only one) within each sheath, laxly disposed, and 
sometimes interwoven. 


The numerous sp. are grouped in the four sections above mentioned, 
which are distinguished by the habit and the coloration of the sheaths. 
The genus is not very sharply marked off from Microcoleus, but is 
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characterised by its lamellose and often coloured sheaths and the 
fewer less densely aggregated trichomes. Of the six Brit, sp., the 
largest is S. Muelleri Naeg., with golden-yellow sheaths (trich. 7-13 
br.) (fig. 195, A), and the smallest S, delicatissima W. & G. S. West 
(trich. 0-6-0-8 br., with conical apical cells); both are found on damp 
earth and the former also in stagnant water. S. calcicola (Ag.) Gom. 



Fig. 195. A,^ Schizothrix Muelleri Naeg,, from Penyghent, W. Yorks. 
B, S, lardacea (Ces.) Gom., from Arncliffe, W. Yorks. C, Dasygloea anwrpha 
Berk, (a small form), from Thursley Common, Surrey. (All x 460.) 


(trich. 1-1-7 br.) and S, lardacea (Ces.) Gom. (fig. 195, B) are not 
infrequent on wet rocks. In S. funalis W. & G. S. West, another very 
small sp. (trich. 0-5-0-7 br.), the branches of the filaments are twisted 
round each other like the strands of a rope. S. fasciculata (Naeg.) 
Gom. is responsible for the formation of spherical calcareous pebbles 
on the bottom of Lough Belvedere, near Mullingar, Ireland. 
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Dasygloea Thwaites, 1848. Differs principally from Schizothrix 
in the possession of relatively wider sheaths enclosing few re- 
motely placed trichomes. 

D. amorpha Berk, (trich. 4-6 hr.) (fig. 195, C) forms a mucilaginous 
stratum in permanent bogs. 

Family 2. NOSTOCACEAE 

These, the simplest of the heterocystous Hormogoneales, are 
characterised by the unbranched filaments which are never 
fixed by one extremity. The trichomes consist of a single series^ 
of uniform, often torulose, cells ; they may be straight and rigid 
(Aphanizomenon) (fig. 198, A), but are often contorted and 
sometimes form densely interwoven masses {Nostoc) (fig. 196). The 
heterocysts are terminal or intercalary. The sheaths are thin and 
very mucilaginous, being relatively distinct and closely investing 
the trichomes in some cases (cf. Nodularia) (fig. 197, H), but in 
others they flow together to form a watery mass of jelly enclosing 
a large number of trichomes. In Nostoc this gelatinous mass 
becomes most conspicuous and usually has a tough bounding 
layer. Whenever there is a fracture of a filament, triehome and 
sheath both break at the same point, and empty sheaths, such 
as are commonly found in Scytonemataceae and Stigonemata- 
ceae, do not occur in this family. 

Reproduction takes place by hormogones and spores. The 
former are produced by the fragmentation of fully grown tri- 
chomes and, where necessary, are set free by the dissolution of 
the enveloping mucilage 2 . The spherical, ellipsoidal, or cylin- 
drical spores often arise in relation to the heterocysts (fig. 197) 
and may be developed singly or in series. Since they are of 
regular occurrence, their shape and position furnish the chief 
characters for the discrimination of genera and species. 

About half the species of Nostoc and Cylindrospermum are 
terrestrial, but all the other members of the family are aquatic ; 
many species of Anahaena are characteristic of the freshwater 
plankton. Certain species of Nostoc and Anahaena are endo- 
phytes in higher plants {Anthoceros, Sphagnum^ Azolla, Cycas, 
Lemna, etc.), whilst other species of Nostoc are constituents of 
various Lichens, especially of the Collemaceae. Species of 
Nostoc are used as food by the inhabitants in diverse parts of the 
world. 

In young colonies, arising from germinating spores or hormogones, a 
false impression of a biseriate arrangement is sometimes given (cf. fig. 182, 1). 

* With reference to their movements, see Harder, Zeitschr. f. Bot. x, 
1918, p. 177. 
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The heterocystous Myxophyceae have been excellently 
monographed by Bornet and Flahault^. 

^ostnr Thallus terrestr. oraquat., sometimes 

attached to a substratum, at other times floating freely, com- 
posed of a more or less firm jelly with a denser limiting layer, 
within which are innumerable contorted moniliform trichomes; 
thallus at first almost always globose or ellipsoidal; when 
mature, either retaining this shape, being solid or hollow and 
varying in diam. from 1 or 2 mm. to several cms., or more 
frequently breaking open to form extensive flattened expansions, 
often with lacerated margins. Trichomes much contorted. 



Fig. 196. A and B, Nostoc Linckia Bornet, from Ben Lawers, Perthsliire; 
A, nat. size; B, small portion of thallus, x340. C, N. coeruleum Lyngb., 
from R. Wharfe at Ilkley, W. Yorks,, nat. size. 

forming an intricate mass within the gelatinous envelope, 
generally more closely crowded towards the exterior; sheaths 
sometimes distinct in parts of the thallus (often near the peri- 
phery), not uncommonly yellow or brown; cells spherical, 
barrel-shaped, or cylindrical; heterocysts larger than, but 
generally of the same shape as, the vegetative cells, intercalary 
and terminal, often in series. Spores (not observed in all sp.) 
spherical or oblong, developed centrifugally in series between 
the heterocysts, spore-formation sometimes involving all the 
vegetative cells of a trichome; the young plants usually consist 

1 Ann. sci. nat., Bot., s6r. 7, iii, 1886, p. 828; iv, 1886, p. 843; v, 1887, 
p. 51; VII, 1888, p. 177. 

^ Borzi, Nuov. Giom. Bot. Ital. x, 1878, p. 241; Geitler, Osterr. Bot. 
Zeitschr. 1921, p. 161. 
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of a variously, and sometimes densely, contorted trichome within 
a relatively narrow, somewhat elongated, mucous investment, 
terminated at each end by a heterocyst. Germination of hetero- 
cysts has been observed more frequently in this genus than in 
any other (p, 445, fig. 182, F, G). 

There are about 16 Brit, sp., some of which are much more abundant 
than others. N. piscinale Kiitz., N, coeruleum Lyngb. (fig. 196, C), 
and N. pruniforme Ag. are widely distributed in ponds and ditches, 
generally occurring as free-floating masses. N. commune Vauch. 
prefers damp ground which is frequently inundated. N, muscorum 
Ag., N. humifusum Carm., and N, macrosporum Menegh. are found 
principally among Mosses on wet rocks. N. sphaericum Vauch. and 
N, verrucosum Vauch. commonly occur attached to the rocks and 
stones in the beds of rapid streams and rivers. The cells of N, humi- 
fusum are only 2-2*5 br., whereas those of N. macrosporum reach a 
diani. of 8-9. Several sp. of Nostoc occur in cultivated soils, but none 
is widespread. 

No attempt has been made above to mention the differences between 
the sp., since in most cases that could not be done without giving a 
full diagnosis. 

Anahaena Bory, 1822^ (Sphaerozyga Agardh, 1827; Dolicho- 
spermum Thwaites, 1850). Trichomes straight or circinate, often 
destitute of all traces of a sheath, either free-floating or aggre- 
gated to form a thin mucous stratum; cells with homogeneous 
or granular contents, sometimes with pseudo-vacuoles, generally 
of uniform breadth, but trichomes sometimes slightly attenuated 
and with a conical apical cell; heterocysts numerous, intercalary. 
Spores often elongate and more or less cylindrical, sometimes 
solitary, sometimes in short series, either adjacent to the hetero- 
cysts {Sphaerozyga) or developed between them. 

Although closely related to Nostoc y the genus Anahaena is 
easily distinguished. The vast majority of the sp. are aquatic. 
Even when found in a mucous stratum, which is not frequent, 
the latter never approaches in consistency, nor possesses the 
definite shape of, the tough thallus of a Nostoc, With one or two 
exceptions the trichomes of Anahaena are rigid and fragile and 
they are rarely contorted like those of Nostoc, The spores of the 
former are generally much more elongate than those of the 
latter. 

Sp. of this genus cannot, as a rule, be kept alive very long after 
collection, unless placed in a large volume of water. One or two days 
in a small glass vessel is usually sufficient to cause disarticulation of 

^ Schmidle, Ber. Deutsch. Bot. Ges. xiv, 1896, p. 393; Fritsch, loc. cit. 
1904; Spratt, loc. cit.; Smith, 1920, p. 56; Griffiths, Joum. Linn. Soc., 
Bot., XL.VII, 1925, p. 91. 
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the trichomes which under these conditions often develop forms which 
are quite unknown in their natural state. 

There are 12 Brit, sp., some of which are relatively abundant in the 
waters of ponds and lakes. A. flos-aqxme (Lyngb.) Br^b. (fig. 198, E) 
and A, circinalis (Kiitz.) Hansg., both with pseudo- vacuoles and much 
twisted trichomes, are found in the plankton of the Brit, lakes. A 
very characteristic member of the plankton is A. Lemmermanni 
P. Richter ; here the vegetative condition is of very brief duration, and 
it is more customary to find the groups of heterocysts and cylindrical 
spores (8-11 br. ; 19-33 1.) left by the disorganisation of the sporiferous 
trichomes. A. oscillarioides Bory and A. inaequalis (Kiitz.) Born, et 
Flah. (fig. 197, A-D) are found among other Algae in still water; 
forms of both sp. have been encountered in cultivated soils. Several 
sp. occur among Sphagnum in bogs, but spores seem to be rarely 
developed in these situations. The trichomes vary in thickness in the 
different sp. from 4 to 10 /a, and the cylindrical type of spore may 
reach a length of 60 /x. 

Aphanizomenon Morren, 1838^. Trichomes usually straight, 
slightly attenuated towards 
the extremities (which are 
composed of elongate colour- 
less cells), with diffluent, 
generally invisible sheaths, 
agglutinated to form free- 
floating spindle - shaped 
bundles or small plates; he- 
terocysts intercalary. Spores 
solitary, elongate-cylindrical , 
remote from the heterocysts. 

A. flos-aquae (L.) Ralfs (fig. 

198, A, D), the only Brit, sp., 
is found floating in the quiet 
waters of ponds and lakes, 
sometimes in great abundance 
and forming water- flowers. 

The rigid trichomes have sub- 
quadrate cells, cylindrical 
heterocysts, and are 5-6 br. ; 
spores 69-80 1. ; 7-8 br. 

Nodularia Mertens, 1822. 

Filaments free-floating or 
forming a loose stratum, 
generally furnished with a 

^ Klebahn, Flora, lxxx, 1895, p. 271 ; Lemmermann, Ber. Deutsch. Bot. 
Ges. XVIII, 1900, p. 141. 



Fig. 197. A-D,fi Anabaena inaequalis 
(Kiitz.) Born, et Flah., from Epping 
Forest, Essex. E~G, Cylindrospermum 
stagnate (Kiitz.) Born, et Flah., from 
Ribblehead, W. Yorks. H, Nodularia 
sphaerocarpa Born, et Flah., from near 
Ely, Cambridgeshire. (All x480.) 
h, heterocyst; .vp, spore. 
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distinct hyaline sheath, closely enveloping the trichome and 
sometimes becoming diffluent; trichomes more or less straight 
with short, depressed, often discoid cells, and usually depressed 
heterocysts. Spores spherical or discoidal, developed in series 
between the heterocysts. 

The three Brit. sp. are aquatic (sometimes found in slightly 
brackish water). None is abundant, although N. spumigena Mertens, 
distinguished by its broad trichomes (10-15 br.), is not uncommon. 
N, sphaerocarpa Born, et Flah. (trich. 6-7 br.) (fig. 197, H) is known 
from Cambridgeshire. 

Cylindrospermum Kutzing, 1843^. Trichomes sometimes ex- 
hibiting movement, relatively short owing to frequent hormo- 
gone-formation, with a solitary heterocyst at one end and 
diffluent sheaths, mostly aggregated to form an expanded 
mucous stratum of indefinite shape; cells and heterocysts 
cylindrical, longer than broad. Spores always developed from 
the cell or cells adjacent to the heterocyst, generally solitary, 
rarely seriate, sometimes with a papillate exospore. 

This genus is sharply characterised by the terminal position of 
heterocysts and spores. There are six Brit. sp. C. majiis Kutz. (C. wa- 
crospermum Rabh., trich. 5-6 br.), with spores having a papillate 
membrane, is common on damp stones and earth, often forming a 
thin stratum on garden paths or at the edge of a pond. C. stagnate 
(Kiitz.) Born, et Flah. (trich. 3*8-4-5 br.) (fig. 197, E-G) is not un- 
common in boggy ditches, particularly in peaty ones. C. catenatum 
Ralfs, with spores in series, is much rarer, occurring on the damp mud 
of stagnant rivers and ditches. Various sp. are found in cultivated 
soils, but none is common. 

Family 3. SC YTONEM AT ACE AE 

The majority of the members of this family are sharply 
characterised by the production of false branches, the possession 
of heterocysts, and the usually firm texture o£ the sheaths. 
Except in the rare genera Desmonema (fig. 200, B), Hydro- 
coryne, and Diplocolon (fig, 200, A), there is always only a single 
trichome within the sheath which is strong, tubular, and of 
practically uniform thickness; it may be homogeneous and 
colourless, or lamellose and of a yellow or brown colour. The 
trichomes of the main filament break at intervals ^ and perforate 
the sheath, growing out as long flexuose branches which develop 
a sheath of their own. These pseudo-branches arise either singly 

^ Glade, Cohn’s Beitr. z. Biol. d. Pfl. xii, 1914, p. 295. 

2 This may be due to the dying away of a cell or (in Tolypothrix) to the 
formation of heterocysts. 



GROUP 3 , HORMOGONEALES 


481 


or in pairs; in the latter case they sometimes originate as a 
loop-like outgrowth which subsequently breaks across at the 
apex. The trichomes are cylindrical, but towards the growing end 
of the filament they often increase in diameter, the cells becoming 
much shorter and more rounded. Heterocysts are lacking only 
in Plectonema (fig. 198, C). The normal method of reproduction 
is by hormogones which are formed at the ends of the branches 



Fig. 198. A and 1), Aphanizornenon flos-aquae (L.) Halts (after G. M. Smith) ; 
A, stratum (x 280) ; D, single trichome ( x 700). B, Microchaete tenera Thur. 
(after Bornet, x465). C, Plectonema Tomasinianum (Kiitz.) Born, (after 
Bornet & Thuret). E, Anabaena flos-aquae (Lyngb.) Br^b. (after G. M. 
Smith, x280). 


and gradually emerge from the sheath. Ellipsoidal or globular 
spores are occasionally produced in most genera. 

Plectonema Thuret, 1875. Filaments in free-floating caespitose 
masses, or densely interwoven to form felts or mats amongst 
damp Mosses and on wet rocks ; sheaths firm, rather thin, some- 
times lamellose, hyaline or rarely yellow-brown; false branches 
frequent, usually in pairs, the two branches directed to the same 
side or not. Trichomes fitting closely within the sheaths, often 
slightly constricted between the cells; heterocysts absent. 
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This genus has often been placed amongst the Oscillatoriace^e ; the 
only marked difference from Scytonema, however, lies in the absence 
of heterocysts. Of the three Brit, sp., P. Tonuisinianurn (Kiitz.) 
Born. (fil. 1^27; trich. 12*5-22 br.; cells 8-9 1.) (fig. 198, C) is the 
largest and most frequent, occurring as greenish-brown felt-like 
masses on wet rocks. Thick- walled resting cells, probably of the 
nature of spores, have been observed in this sp.^ P. Battersii Gom., 
a sp. hitherto thought to be purely marine, has been shown to be a 
common constituent of the algal flora of cultivated soils (Bristol, 
1920, p. 50) ; it has narrow trichomes (2-8*5 br.) and the elongate false 
branches are thinner than the main axes. 

Microchaete Thuret, 1875^. {Coleospermum Kirchner, 1878.) 
Filaments without branches, or pseudo-branches very excep- 
tional, fixed at the base, erect and solitary, or forming radiating 
tufts (fig. 198, B), or tortuose-flexuose and forming a soft felt; 
trichomes with a prominent tough sheath, sometimes somewhat 
attenuated. Heterocysts basal, or basal and intercalary. Spores 
cylindrical, usually solitary, near the basal heterocysts or 
remote from them. Baumgaertel (loc. cit.) has described the 
budding off of “gonidia” from the ends of the trichomes of 
M. calotrichoides Hansg. 

Kirchner* referred this genus to Nostocaceae, but the plants are 
much like unbranched specimens of Scytonemay which they also 
resemble in the occasional possession of thick growing apices with 
shorter cells. Geitler (1925, p. 278) places the genus in a special 
family, the Microchaetaceae, characterised by the unbranched fila- 
ments and the possession of heterocysts, and to this family he also 
refers Desmonema (p. 484). One may well await a better knowledge 
of these genera before agreeing to this step. 

Sp. of Microchaete are in part marine and are very rarely met with. 
M. diplosiphon Gom. var. Cumbrica West is known from the English 
Lake District ; the species has a double sheath, of which the outer is 
very mucilaginous (23-30 br.) and the inner thin but firm (6*5-9 br.). 

Scytonema Agardh, 1824. (Petalonema Berkeley, 1888^; 
Schizosiphon Kutzing, 1848 (in part); Symphyosiphon Kiitzing, 
1848 (in part); Arthrosiphon Kutzing, 1845.) Filaments generally 
forming a dense intricate mass on damp or wet substrata, more 
rarely submerged, more or less abundantly provided with false 
branches; the latter are usually in pairs, though occasional 
solitary ones are mostly to be found, but the branches nearly 

1 West, 1904, p. 888. 

* Baumgaertel, Ber. Deutsch. Bot. Ges. xxxv, 1917, p. 587. 

* Engler and Prantl, Nat. Pflanzenfam. I Teil, Abt. I o, 1900, p. 76. 

* Both Lemmermann (1910, p. 214) and Geitler (1925, p. 261) maintain 
Petalonema as a genus distinct from Scytonema, 
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always arise remote from the heterocysts. Sheath tough, 
lamellose, of a golden-yellow or brown colour, the strata of the 
sheath either parallel or more or less divergent, their edges in 
the latter case sometimes projecting and producing a frayed 
margin (so-called ocrea). Heterocysts intercalary, like the 
vegetative cells of variable shape. Spherical or ovoid spores 
known in a number of sp. 

There are about eight Brit, sp., the majority of which are terrestrial. 
S. crispum (C. A. Ag.) Bornet {S. dneinnatum (Kiitz.) Thur.), with 
scantily branched filaments (18-36 br. ; trich. 14-30 br. ; cells usually 
much shorter than they are long), is found in ponds and streams. 



Fig. 199. A-D, Scytonema mirabiU (Dillw.) Born., from Cronkley Fell, 
N. Yorks ( X 440) ; C, apex of a “ branch” ; D, organ of attachment at base of 
filament. E, Tolypothrix lanoia (Desv.) Wartm., from Riccall Common, 
E. Yorks (x 440). /i, heterocyst. 

S. Myochrous Ag. and S. mirabile (Dillw.) Born. (S. figuratum Ag., 
fil. 15-21 hr.) (fig. 199, A-D) are the two most abundant of the Brit, 
terrestrial sp., the former often occurring on wet rocks as large felt- 
like masses an inch thick; both sp. have sheaths with divergent 
strata, but this feature is much more pronounced in S. Myochrous 
which also has much thicker filaments (18-36 br.; trich. 6-12 br.). 
S, alatum (Berk.) Borzi (Petalonema alatum Berk.)^ is frequent on 
wet rocks of carboniferous limestone forming a brownish-green 
stratum thickly encrusted with lime; the filaments (24-66 br. ; trich. 
9-15 br.) have very wide sheaths, with prominently diverging strata. 
Some sp. of Scytonema are the algal components of Lichens. 

^ Both Lemmermann (1910, p. 214) and Geitler (1025, p. 261) maintain 
Petalonema as a genus distinct from Stylonema. 
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^olypothrixJKntzmg, 1848 (incl. Hassallia Berkeley, 1845). 
Filaments ^ a floccose 
floating mass, or submerged 
tufts, or more rarely a stratum 
on damp rocks, etc. ; false 
branches more or less fre- 
(jilent, usually single and 
mostly issuing from the main 
filament beneath one or more 
heterocysts. Sheaths usually, 
thinner than "those of Scy- 
tonema, colourless or yellow 
td brown, either flexible or 
more or less fragile^. Hetero- 
cysts sometimes 3-, 4-, or 
5-seriate. Hormogones formed 
at the ends of the filaments. 

Spores spherical, oval, or 
ellipsoid, singly or in series. 

Tolypothrix is closely allied 
to Scytonema and there are no 
doubt intermediate forms in 
which the branching peculiar to 
each genus is combined ; at the 
same time the majority of the 
sp. are distinguished without 
difficulty. On the whole the 
two genera differ in habitat, 

Scytonema being essentially ter- 
restrial and Tolyp othrix chiefly 
aquatijc, and “tins islreflecfed in 
the characters of the sheaths. 

Of the four Brit, sp., the most 
frequent are T. lanata (Desv.) 

Wartm. (fil. 9-12*6 br.; trich. 
r*5-10 br.) (fig. 199, E) and T. 
lenuis Kiitz. (fil. 8-10 br. ; trich. 

5-8 br.), which occur amongst 

i^arious aouatic nlants in nonds L^pl^coUm Heppii Naeg. 

^anous aquauc plants in ponas (after Itzigsohn, x 250). liyDesmonema 

lyrange/u (Ag.) Bom. & Flah. (after 
Borzi, x270). C, Stigonema ocellatum 
(Dillw.) Thur., hormogone (after West, 
X 520). 



md lakes. 


Desmonema Berkeley and 
rhwaites, 1849 2 . Filaments 

^ This, the only character separating Hassallia from Tolypothrix, is quite 
nadequate as a generic distinction. 

• Bond, Nuov. Giom. Bot. Ital. xi, 1879, p. 348. The affinities of this 
;enus are quite unclear ; cf. also under Microchaete, 
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forming penicillate tufts, submerged, sometimes slightly 
branched in a dichotomous manner: each hi. with two or more 
trichomes which are slightly attenuated at either end. Hetero- 
cysts solitary, only at the base of the trichomes. Spores ovoid 
or ellipsoid, singly or in series. 

D. Wrangelii (Ag.) Born. & Flah. (trich. 9-10 hr.) (fig. 200, B) is a 
very rare Brit. Alga forming penicillate tufts, 5-6 mm. high, on stones 
in streams and waterfalls. 

Diplocolori Naegeli, 1857^. Filaments branched like those of 
Scytonema, but the pseudo-branches much shorter and greatly 
contorted; each trichome has a special sheath of its own and 
several filaments, with their branches, are included within a 
wider common envelope. Heterocysts intercalary or basal. 
Spores unknown. 

Z>. Heppii Naeg. (fil. 20 28 hr. ; trich. 6-10 hr.) (fig. 200, A) has been 
found in Yorkshire forming a brownish-green gelatinous stratum on 
damp calcareous rocks. 

Family 4. KIVUL ARI ACE AK 

The chief characteristic of this well-marked family is to be 
found in the more or less gradual attenuation of the trichomes 
which terminate either in a point (some sp. of Calothrix (fig. 
201, B)) or much more usually in a hair composed of elongate 
colourless cells (fig. 203, C). At the broad basal end of the tri- 
chome, in all except a few genera (e.g. Amphithrix (fig, 203, B)), 
one or two heterocysts are located; in some cases {Calothrix) 
intercalary heterocysts occur in addition to the basal ones. The 
trichomes possess tubular sheaths, but in some species the basal 
heterocysts are not included within these sheaths. The latter 
are either gelatinous, or more often firm and membranous, and 
then usually distinctly lamellose. In some species the lamellae 
of the sheath become dilated upwards, giving the exterior of the 
filament a fimbriate appearance (fig. 201, A, B). It frequently 
happens that the sheaths of adjacent filaments become fused to 
such an extent that their individuality is lost. The mature 
sheaths are usually yellow or yellowish-brown and in some 
cases they are indurated with carbonate of lime. 

The filaments nearly always exhibit false branching, due to the 
outgrowth of some of the inferior cells of the trichomes; fre- 
quently this takes place beneath an intercalary heterocyst, the 
branch continuing growth in the direction of the main trichon^. 
the upper part of which is turned aside and appears as tne 


^ Itzigsohn, Nov. Act. Leop.-Carol. xxvi, 1858, p. 160. 
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“branch.” If this happens again and again, a syinpodial 
construction is obtained. Branching is clearly evident in such 
genera as Calothrix and Dichothrix (cf. also fig. 202, E), but in 
other cases owing to abundant production of mucilage the 
“branches” become displaced sooner or later {Rivulariay 
Gloeotrichia) ; it is in this way that the globose colonies of Rivu- 
laria and Gloeotrichia originate. 

Hormogones are formed from the upper parts of the trichomes, 
the apical hair being shed. In germination the hormogone 
frequently becomes attenuated at each end, a condition that 
persists in Hfimmatoidea (fig. 204), but in other cases the young 
thread breaks across at its middle where two heterocysts are 
originating and two normal trichomes are thus produced. In 
many cases the growth of the trichomes is trichothallic, the cells 
below the terminal hair constituting the meristematic region 
which also produces the hormogones. Spores occur in Gloeotrichia 
(fig. 203, A) and Calothrix, arising close to the basal heterocysts. 

Algae of this family are fairly abundant in mountainous 
districts and also occur sparingly in the less elevated parts of the 
country. They are found principally on the dripping rocks of 
waterfalls, cataracts, and streams, or at the margins of rocky 
lakes. They form soft felt-like expanses, or hard hemispherical 
masses, generally of a brown colour, but a few of them occur as 
blue-green nodules attached to the stems and leaves of sub- 
merged plants. They are not often found in the plankton. 

Amphithrix Klitzing, 1843; emend. Bornet & Flahault, 1886. 
Filaments forming a thin expanded purple or violet stratum, the 
inferior layer of which is composed of densely intricate threads 
forming a kind of parenchymatous disc, or of minute radiately 
disposed series of cells, whilst the superior layer consists of 
simple erect filaments closely packed together and attenuated 
to fine points ; sheaths thin and close, JHeterocysts absent. 

A. janthina (Mont.) Born. & Flah., the only Brit, sp., occurs on 
wet rocks and is known from W. Yorks; fil. 1*5“2*25 br. (fig. 203, B). 
It is very imperfectly known. 

Agardh, 1824. (Mastigothrix Kiitzing, 1848; Schizo^ 
sipKoh Kiitzing, 1848 (in part); Sympkyosipkon Kiitzing, 1848 
(in part); Homoeothrix (Thuret) Kirchner, 1900.)^ Filaments 
simple or with scanty false branches, sometimes solitary, more 
usually forming penicillate tufts or soft velvety expansions 
which are generaUy attached to submerged rocks and stones, 
some sp. epiphytic; sheaths firm, often brown, frequently thick 
and lamellose, often diffluent in the upper portion; trichomes 

1 Borzi, Nuov. Giom. Bot. Ital. xiv, 1882, p. 274. 
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sometimes long and flexuous, ending in a point or in a long hair. 
Heterocysts basal and (rarely) intercalary, absent in a few sp. 
{Homoeothrixy, Spores, formed singly or in series adjacent to 
the basal heterocysts, are known only in a few sp. Hormogones 
often formed in series. 



Fig. 201. A and l^yCalolhrix parietina (Naeg.) Thur., from Arncliffe, 
W. Yorks. C, Dichothrix interrupta W. & G. S. West, from Slieve Donard, 
Ireland. D, D. Orsiniana (Kiitz.) Born. & Flab., from Langdale, Westmor- 
land. heterocysts. (All x 420.) 

There are about six Brit, freshwater sp., C. parietina (Naeg.) Thur. 
(trich. 6-12 br.) (fig. 201, A and B) being the most frequent. C,fusca 
(Kiitz.) Born. & Flah., in which the trichomes are prominently 
swollen at the base, and C. epiphytica W. & G. S. West, with colourless 
sheaths, and trichomes merely terminating in a point, are epiphytes 
on other larger Algae, such as Vaucheria or Batrachospermum. 

Dichothrix Zanardini, 1858. Filaments more or less abundantly 
branched in a dichotomous manner, generally forming penicillate 
tufts, each filament including two to several trichomes enveloped 

^ The genus Homoeothrixy distinguished by the absence of heterocysts, 
is upheld by many authorities. 
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by sheaths of their own and really representing a branch-system ; 
the trichomes produce large numbers of false branches, some of 
which remain included with the main trichome in a common 
sheath, whilst others stand off freely either at once or only in 
the upper part of their course. Heterocysts basal or intercalary, 
absent in one sp. Spores unknown. 

This genus really only differs from Calothrix in the inclusion of 
several branch-trichomes within a common sheath. The five Brit. sp. 
are all rare and occur principally on dripping rocks in mountainous 
regions. D, Nordstedtii Born. & Flah. and D, Orsiniana (Kfitz.) 
Born. & Flah. (fil. 10-14 hr.; trich. 6-7-5 br.) (fig. 201, D) are widely 
distributed, whilst D. interrupta W. & G. S. West (fig. 201, C) is known 
from the Mourne Mts., Down, Ireland’. 

Rivularia (Roth) Agardh, 1824 (in part); emend. Thuret, 1885. 
{Zonntrichia J. Agardh, 1842; Limnactis Kiitzing, 1843; Schizo- 



Fig. 202. A-C, Rivularia Biasolettiana Menegh., from Amcliffe, W. Yorks; 
A, nat. size, on surface of stone; B and C, x480. D and E, R, minutula 
(Kiitz.)' Bom. & Flah., from Chippenham Fen, Cambridge; D, nat. size, 
on stem of Phragmites; E, x480. h, heterocysts. 

^ cf. West, Journ. Roy. Microscop. Soc., 2 ser. xiv, 1894, p. 16. 
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siphon Kiitzing, 1843 (in part).) Thallus macroscopic, composed 
of a globose, hemispherical, or irregular tough gelatinous mass 
attached to submerged plants (fig. 202, D) or stones, and con- 
taining numerous radiating filaments which are repeatedly 
“branched,’’ a fact which is only obvious in relatively young 
colonies; sheaths of the individual filaments often diffluent. 
Thallus sometimes showing deposition of lime within the mucilage 
and this may lead to the formation of hard calcareous masses 
containing living trichomes only in their outer parts. Trichomes 
piliferous ; heterocysts basal, or intercalary at points of branch- 
ing. Spores unknown. 

Of the four Brit, freshwater sp., R» haematites (DC.) Ag. (Zonatrichia 
calcarea (Eng. Bot.) Endl.) is the most frequent, sometimes occurring 
in quantity attached to the stones of mountain streams in limestone 
districts; this sp. forms strata which are often completely indurated 
with lime. R. dura Roth, with hard thalli in which the individual 
trichomes (4-9 br.) are not easily separated by pressure, and R, minu- 
tula (Kiitz.) Born. & Flah.^ (trich. 2-12-5 br.) (fig. 202, D and E) are 
occasionally met with on submerged plants (CharUy Myriophyllum, 
or bases of stems of Phragmites) as small globose masses of a blue- 
green or greenish-black colour. Some sp. of Rivularia are marine. 

Gloeotrichia J. Agardh, 1842. Thallus soft, globose, at first 
attached, later often free-floating, solid when young, but inflated 



Fig. 208. A, Gloeotrichia natans (Hedw.) Rabenh. (after Tilden), with 
spore (sp), B, Amphithrix janthina (Mont.) Born. & Flah. (after Kirchner, 
X 345). C, Gloeotrichia echintdata P. Richt. (after G. M. Smith, x 240). 


^ Various recent authorities (Lemmermann, Geitler) regard this species 
as synonymous with JR. Biasolettiana Menegh. 
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and hollow when old ; filaments radiating from centre outwards, 
falsely “branched” as in Rivularia; sheaths only conspicuous 
near the bases of the trichomes (fig. 203, C), being gelatinous and 
confluent in the outer parts of the thallus; trichomes strongly 
attenuated from the base, more or less torulose. Elongated 
cylindrical spores are developed from the cell immediately above 
the heterocyst and remain for some time within the basal part 
of the sheath (fig. 203, A) which at this stage is often yellow or 
brown ; the sporiferous colonies generally break up sooner or later 
and the trichomes involved frequently shed their apical portions. 


This genus is distinguished from Rivularia only by the customary 
development of spores and the frequent free-floating habit; its main- 
tenance is purely a matter of convenience. There are three Brit. 


freshwater sp. G. Pisum (Ag.) 
Thur. and G. nutans (Hedw.) 
Rabenh. (fig. 203, A) are common ; 
the former possesses a thallus 
which does not exceed 2 mm. in 
diameter, but the latter is a larger 
form whose thallus may reach 10 
cms. G. Pisum is often concerned 
in the phenomenon of the “break- 
ing of the meres.” G. echinulata 
P. Richt. (fig. 203, C), in which 
the trichomes project at the sur- 
face of the colony, is known from 
the plankton of the Scotch lakes. 

Harnmatoidea W. & G. S. 
West, 1897^. Filaments epi- 
phytic, exhibiting false branch- 
ing. suddenly bent in their 
median widest portion, the two 
more or less parallel extremities 
being gradually attenuated to 
piliferous apices; the “bran- 
ches” show the same form as 
the iTlain filaments. Sheaths 
firm and lamellose, colourless 
in young, but yellow-brown in 
older filaments; trichomes ex- 
hibiting slight constriction be- 
tween the median cells, the 



Fig. 204. Ilammatoidea Normanii 
W. & G. S. West, from Dartmoor 
Devonshire ( x 420). 


^ Joiirn. Hoy. Microscop. Soc. 1897, p. 506; Bachmann, Mitteil. Naturf. 
Ges. Luzern, viii, 1921, p. 16. This genus was first described under the name 
of Ammatoidea.** 
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apical cells about six times longer than their diameter. Hetero- 
cysts absent. Hormogonia formed from the median parts of 
the trichomes. Spores unknown. 

This genus was referred by West (loc. cit. and 1904, p. 341) to the 
family of the Camptotrichaceae. There can be no doubt, however,. that 
Hammatoidea is closely allied to some of the Rivulariaceae which 
produce hormogonia tapering towards both extremities (cf. p. 486 
and Geitler, 1925, p. 212). 

H, Normanii W. & G. S. West (fig. 204) is recorded from Dartmoor 
as an epiphyte on Batrachospermum moniliforme ; fil. 5- 5-1 2- 5; 
trich. 8-5-5-5 br. 


Family 5. STIGONEM ATACE AE 

This is the only British f amily ^ of Hprmogo neales in which t rue 
braACWlfl§'“*i§'’ WTlnd, the Tranches origmSffl^^ tke 

^ttMg'buTbTTi^prof^ frblm a^ cell of the main trichdime 
o r arisipg'by th^^^^^^^ hatlf of a cell subsegpji^^ 

a^ long itudinal division7 HfahcKing u^^^ abundant and 
there is commonly a marked distinction between main axes and 
laterSlSr' In" some genera {Hapalosiphon (fig, ^65)) the cells are 
arranged in a single series, but in Stigonema (fig. 206) there are 
usually two or more irregular series of more or less rounded cells 
which are provided with close-fitting sheaths of their own and 
are usually connected by very obvious protoplasmic processes 
(fig. 206, D). In Hapalosiphon the sheaths of the filaments are 
generally thin and regular, but in Stigonema they are mostly 
thick, dark brown in colour, of considerable toughness, and with 
a very uneven exterior. The filaments increase in length by the 
division of the cells towards the apices. The heterocysts are 
either intercalary, being scattered at int<SvaIs* between the 
vegetative cells*^ when ^more than^ one row of cells is present, 
T3iey are lateraO^\ (fig. 206, C); in Nostochopsis^ the 
heterocysts are in parT^seated on short stalks. Reproduction 
isLeffeoteA-hy hormogones (fig. 200, C) which are fSi te e d i ifThe 
branches, and by spores. The Stigonemataceae appear to repre- 
senfttrerhighest development among the Myxophyceae. 

Only two genera of this family have so far been recorded in 
the British Isles and these, Hapalosiphon and Stigonema, 

j 

^ Geitler (1925, p. 165, and Beih. Bot. Centralbl. xli, 1925, Abt. ii, 
p. 252) has recently undertaken a revision of the genera referred to Stigone- 
mataceae, grouping them as Stigonematales and classing them in six families, 
of which the Stigonemataceae with Stigonema and Hapalosiphon and other 
genera form one. 

* Placed in a separate family by Geitler, loc. cit. 



492 CLASS XI. MYXOPHYCEAE (CYANOPHYCEAE) 

represent two extremes whose chief common characteristic lies 
in the presence of true branches. 

Hapalosiphon Naegeli, 1849^. Filaments free-floating amongst 


other Algae or rarely sub- 
aerial in moist situations; 
primary filaments never very 
thick, consisting of a single 
row (rarely of two rows) of 
cells enclosed within a strong 
sheath of uniform thickness; 
branches usually not branched 
to the second degree, some- 
times as thick as the primary 
filaments, more often slightly 
narrower, few and distant or 
occasionally in clusters, com- 
monly unilateral, mostly long 
and flexuose and very slightly 
attenuated, with thinner, gener- 
ally quite colourless, sheaths; 
cells of branches propor- 
tionately much longer than 
those of the primary filament, 
those of the latter opposite 
the base of a branch usually 
projecting into it. Heterocysts 
intercalary. Spores not un- 
common, with thick yellowish- 
brown walls, the majority (or 
portions of a plant sometimes 
(fig. 205, E). 



Fig. 205. Hapalosiphon hibernicus 
W. & G. S. West, from Glen Caragh, 
Kerry, Ireland ( x 440). E, portion of 
a row of spores within the sheath, 
heterocysts. 

even all) of the cells of certain 
becoming converted into spores 


In contrast to Stigonema this genus is essentially aquatic in habit. 
The Brit. sp. are most frequently met with amongst Utricularia 
minor and submerged Sphagnum. The two most widely distributed are 
H. intricatus West (fil. 4-7 br.), in which the branches are of about the 
same width as the main filaments, and H. hibernicus W. & G. S. West 
(fil. 6-10 br.) (fig. 205). 

Stigonema Agardh, 1824^. {Sirosiphon Klitzing, 1848.) Fila- 
ments fre e-floating or more commonly aggregated to fornT^SfOift 
feit^tke oF cushion-like masses on damp surfaces ["lltarmentiT 
fti&quently very wide, irregular, and often richly prdvTdJ^'Wttfi^ 
shor t, fhi ck, irregularly disposed branches; cells alwavs rounded. 


^ W. and G. S. West, Journ. of Bot. xxxv, 1897, p. 
® Hieronymus, Hedwigia, xxxiv, 1895, p. 154. 
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with obvious protojplasmic cojinections and usually with distinct 
slieaths“^ their own, mostly disposed in T;wo dr m!or^^ 
(rarely one) within a thick lamellose, generally golden-yellow 
or brown sheath which often has an uneven exterior; branches 
often considerably narrower than the main filaments. Hetero- 
cysts commonly lateral or less frequently intercalary. Repro- 
duction fiormally by hormogones formed from the encirdf the 
ISfanches and often few-celled (fig. 200, C). 


Fig. 206. A and U, Sligo nema minutum Hass., from Slieve Donard, Down, 
Ireland; A, x 100; B, x440. C-E, S. ocellaturn (Dillw.) Thur., from Llyn 
Teyrn, Snowdon, N. Wales; C, x 100; D and E, x 440. /i, heterocyst. 

Sp. of this genus occur principally on damp or wet rocks, but are 
sometimes observed free-floating in ponds and lakes. Of the seven 
Brit, sp., S. hormoides (Kiitz.) Born. & Flah. is the smallest (ftl. 
7-15 br.) and has the cells arranged in a single series ; this is also the 
case in S, ocellaturn (Dillw.) Thur. (fig. 206, C-E), in which however 
the filaments are much wider (14-50 br.). The largest sp. are 5. 
informe Kiitz. (fil. 40-70 br.), with gelatinous sheaths, and S. mam- 
millosum Ag. (fil. up to 90 br.), with firm sheaths ; according to Geitler 
(1925, p. 189) the latter grows by means of an apical cell. Sp. of 
Stigonema are the algal constituents of a number of Lichens. 

Genera incertae sedis 

Glaucocystis Itzigsohn, 1854^. Cells often (always?) somewhat 
zygomorphic, with a prominent colourless area occupying the 
median part of the elliptical front- view; side-view obliquely 
elliptical, one margin more strongly curved than the other; 
cross-section ovate, the colourless area at the pointed end. 

1 Griffiths, Ann. of Bot. xxix, 1915, p. 423; Chodat, Bull. Soc. Bot. 
Geneve, xi, 1919, p. 42; Geitler, Archiv f. Protistenkunde, xlvii, 1928, p. 1. 
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Nucleus (fig. 207, C, n) large, spherieal or ellipsoidal, central, well- 
defined^; chromats. a number of curved blue-green bands 
grouped in a radiating manner (fig. 207, D) about the nucleus 
(but lacking in the region of the colourless area) and breaking 
up into a number of short rods (fig. 207, C) when the cells 
commence to divide; cell-wall mainly composed of cellulose, 
commonly with polar thickenings at either end and often with 
an equatorial thickening ; starch-grains and drops of fat present 
in cytoplasm. Reprod. by division of the protoplast, successively 
or simultaneously, to form two, four, or eight daughter-cells 
which acquire membranes of their own and may remain enclosed 
for a time within the enlarged wall of the parent-cell (fig. 207, D). 

This puzzling genus has in recent years been investigated by 
Griffiths, Chodat, and Geitler (loc. cit.). Opinions have differed 
widely as to its systematic position; G. S. West* and others have 
regarded it as a member of the Myxophyceae distinguished by its high 
cellular differentiation, others (e.g. Brunnthaler*) have advocated a 
reference to the Oocystaceae (p. 122), whilst Chodat (loc. cit.), owing 
to the asymmetry of the cell, the large nucleus, the rod-shaped chro- 
matophores, etc. has referred it to the Peridinieae (cf. also Oltmanns, 
1922, p. 70). Quite recently Geitler (loc. cit. p. 9) interprets it as a 
colourless form inhabited by symbiotic Blue-green Algae which 
constitute the chromatophores ; according to him the latter are differ- 
entiated into a peripheral coloured and a colourless central region 
which takes on a deep stain with methylene blue. Before such a view 
can find acceptance, it will be necessary to cultivate the blue-green 
“symbiont” separately and to show that it is capable of leading an 
independent existence. 

G. Nostochinearum Itzigs. (cells 30-45 1.; 18-25 br.) (fig. 207, C, D) 
is somewhat scarce, but widely distributed throughout the Brit. 
Islands. It is found chiefly among submerged Sphagnum. 

Gloeochaete Lagerheim, 1883^. {Schrammia Dangeard, 1889.) 
Cells enveloped in a wide mucous coat, isolated or in twos or 
fours (fig. 207, B), attached to aquatics, subglobose, dorsi- 
ventral; in side-view (fig. 207, A) the margin of the cell next to 
the substratum is seen to be rounded, whilst the opposite one 
is slightly hollowed out; adjacent to the latter is a prominent 
zone of colourless cytoplasm containing a contractile vacuole 
{cv), whilst the rest of the protoplast is deeply pigmented, 
appearing as a bell-shaped chromatophore, but according to 
Geitler (loc. cit. p. 14) actually comprising a large number 

^ cf. however Griffiths, loc. cit. p. 425. 

* West, 1904, p. 317; cf. however West, 1916 a, p. 40. 

* Verhandl. J^ol.-Bot. Ges. Wien, 1918, p. 88. 

* Lagerheim, Nuova Notarisia, i, 1890, p. 227; Geitler, loc. cit. 1923, 

p. 18. 
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of slightly curved scattered rod-shaped chromatophores (p). 
Nucleus large, central; rod-shaped starch-grains and fat-bodies 
present. Each cell is furnished on its outer surface with one or 
two long thin bristles which sometimes give off small branches 
or spurs near their apices; according to Geitler the bristles 
consist of a central prolongation of the cytoplasm enveloped by 
colourless mucilage which thins out towards the apex. Multipli- 
cation of cells by division; reproduction unknown (Dangeard^ 
has reported zoospores, which are very doubtful). 



Fig. 207. A-B, Gloeqchaete Wiltrockiana Lageth. ; A, single cell (after Geitler, 
xll25); B, from Pilmoor, N. Yorks (x312). C-D, Glaucocystis Nosto^ 
chinearum Itzigs.; C, single cell (after Geitler, x675); D, 4-celled colony 
(after Hieronymus), co, contractile vacuole; n, nucleus; p, chromatophore. 

This genus has been regarded as a highly differentiated member of 
the Chroococcaceae (West, 1916 a, p. 40), as one of the Chaetopelti- 
daceae (Wille, 1909, p. 102), and as a close ally of Glaucoq/stis, 
Geitler (loc. cit.) has recently advanced the same view as to its nature 
as he has propounded for Glaucocystis, It is not perhaps quite certain 
that all the different investigators have had the same Alga before 
them. 

G, Wiltrockiana Lagerh. (flg. 207, A, B) is known from several 
parts of the Brit. Islands as an epiphyte on Vaucheriay Cladophora^ 
or the leaves of Sphagnum ; cells 6-21 br. ; bristles 96-260 1. A second 
form, G. bicomis Kirchn., has a pair of bristles attached to each ceU, 
but according to Geitler this is a character that merely depends on 
the age of the cell. 

^ Dangeard, Le Botaniste, i, 1889, p. 160. 
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ADDENDA 

vSince the completion of the manuscript, Mr D. J. Scourfteld has 
drawn the writer’s attention to the plentiful occurrence of a form 
resembling Chlorochromatium aggregatum Lauterb.^ in a pond in 
Epping Forest. This organism consists of greenish rod-shaped cells, 
a number of which are closely aggregated around a central elongate 
colourless body. The latter is believed to be one of the Bacteria, while 
the former are suspected of being symbiotic Myxophyceae. The 
aggregate, which measures 8-12 by 5-7 /x is motile and, in material 

^ Cf. Buder, Ber. Deutich. Bot. Ges. xxxi, 1913, p. (80); Lauterborn, 
Allgem. Bot. Zeitsch. xix, 1913, p. 97 ; Geitler and Pascher, Siisswasserflora, 
XII, 1025, p. 460. 
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described from the continent, the central organism has been found to 
possess an apical flagellum. It is not unlikely that such symbiotic 
communities are rather common, but they are easily overlooked on 
account of their minute dimensions. 

The following additional papers, which are listed under the ap- 
propriate groups or genera, have come to the writer’s notice : 

Pure cultures of soil-Algae (p. 18): Roach, Ann. of Bot. xl, 1926, 

p. 149. 

Brachiomonas (p. 72): Gabriel, Comptes Rendus dc la Soc. Biol, 
xciii, 1925, p. 361 (cyst-formation). 

Scenedesmus (p. 138): Chodat, Rev. d’Hydrologie, iii, 1926, p. 71. 

Ulvaceae (p. 160): Carter, Ann. of Bot. xl, 1926, p. 665. 

Spirogyra (pp. 233, 245) : Lloyd, Trans. Roy. Canadian Inst, xv, 
1926, p. 153, and Trans. Roy. Soc. Canada, 3 ser. xx. Sect, v, 1926, 
p. 75. 

Closterium (p. 269): Deflandre, Rev. Algol, ii, 1925, p. 158. 

Botrydium (p. 312): Kolkwitz, Ber. Deutsch. Bot. Ges. xliv, 1926, 
p. 533 (second shorter cilium recorded). 

Chrysophyceae (p. 314) : Doeflein, Archiv f. Protistenk. xlvi, 1923, 
p. 267 (pyrenoids recorded in a number of sp.). 

Dinobryon (p. 328): Schiller, ibid, liii, 1926, p. 336 (copulation of 
naked s warmers recorded). 

Bacillariales (p. 335): Gemeinhardt, Ber. Deutsch. Bot. Ges. xliv, 
1926, p. 517 (striae); Mann, Proc. United States Nat. Mus. i.x, 1922, 
Art. 15 (collection and preparation). 

Melosira (p. 354) : Hustedt, Archiv f. Hydrobiol. xiv, 1924, p. 720. 

Synedra (p. 366) : Gemeinhardt, Pflanzeiiforschung, Heft 6, 1926. 

Eunotia (p. 368): Hustedt, Ber. Deutsch. Bot. Ges. xliv, 1926, 
p. 142. 

Achnanthes (p. 369): Gemeinhardt, ibid. p. 528. 

Ceratium (p. 402): Schneider, Archiv f. Protistenk. xlviii, 1924, 
p. 302; Entz, ibid, li, 1925, p. 131. 

Trachelomonas (p. 414) : Skvortzow, New Phytol. xxiv, 1925, p. 299 ; 
Deflandre, Monogr. du genre Trachelomonas Ehr., Nemours, 1926. 

Batrachospermum (p. 424) : Goodwin, New Phytol. xxv, 19256, p. 51. 

Hildenbrandtia (p. 430): Budde, Ber. Deutsch. Bot. Ges. xliv, 1926, 
p. 280 and p. 867. 

Myxophyceae (cell-structure, p. 437): Guillermond, C. R. Paris, 
CLXXX, 1925, p. 951 ; Prdt, Archiv f. Protistenk. lii, 1925, p. 142. 
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Synonyms are printed in italics^ and the numbers in heavy type 
refer to the pages on which the matter in question is specially dealt 
with. Initials have been added to the author’s names, wherever 
possible, since they are cited without them in the text. 

All measurements, except where otherwise stated, are given in terms 
of fjL (one-thousandth of a millimetre). The following abbreviations 
are used in the text: aplanosp. = aplanospore; aqiiat. = aquatic; 
asex. = asexual; auxosp. = auxospore; azygosp. := azygospore ; br. = 
breadth; Brit. -= British; chloropl. = chloroplast; chromat. = chro- 
matophore; conjug. = conjugation; contr. vac. = contractile vacuole; 
diam. = diameter; div. = division; lil. = filament; intercell. sp. = 
intercellular spaces; 1. = length; longit. = longitudinal; multipl. = 
multiplication; opp. = opposite; pyren. = pyrenoid; reprod. = repro- 
duction; sex. = sexual; sp. = species; terrestr. = terrestrial; transv. 
transverse; trich. = trichome; unicell. = unicellular; vac. = vacuole; 
zoosp. = zoospore; zygosp. = zygospore. 


Abies, 178, 202 
Acanthococcus Lagerh., 119 
Achnanthaceae, 350, 369-371 
Achnanthes Bory, 12, 337, 343, 348, 
349, 359, 369, 370, 500 
brevipes, 370 
coarctata, 370 
exilis, 370 

flexella, 346 (fig. 145), 370 
Hungarica, 370 (fig. 155) 
linearis, 370 
longipes, 347 
microcephala, 370 
subsessilis, 347 

Achnanthidium Kiitz. (sect, of Ach- 
nanthes), 369, 370 
Achnanthoideae, 352, 359, 369-371 
Actinastrum Lagerh., 104, 132 
Hantzschii, 131 (fig. 41), 132 
Actinobotrys W. & G. S. West, 305 
confertuSi 305 

Acton, E., 34, 89, 90, 170, 179, 198, 
259. 285, 433, 437, 438, 466 
Aegagropila Kiitz., 168, 170 
Aerosphaera Gerneck, 119 
Agardh, C. A., 372 
Ajuga, 111 


Akinctes, 41 ; of Myxophyceac, 447 ; 
of Pithophora, 171; of Zygne- 
males, 233 
Akontae, 21, 224 

Algal cells of Lichens, 4, 89, 107, 
201, 212, 435, 450, 483, 493 
Algal organisation, 19 
Allen, C. E., 34, 180, 204 
Allen, E. J. and Nelson, E. W., 
345 

Allogonium Kiitz., 432 
Allorge, P., 2 

Alternation of generations, 31, 48, 
49 ; of Florideae, 420 
Amblystegium exannulatum, 5 
falcatum, 5 
glaucum, 5 
scorpioides, 5 

Ammatoidea, see Hammatoidea, 
490 

Amoeba, 10, 263 
Amoeboid movements, 25 
Amphicampa Rabenh., 875 
Amphidinium Clap, et Lachm., 392 
Amphiplcura Kiitz., 337, 342, 360, 
374 , 375 

pellucida, 840, 874 (fig. 157), 375 
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Amphiprora Ehrenb. emend. Cleve, 
360, 371, 375, 376 
ornata, 370 

paludosa, 11, 375 (fig. 158), 370 
Amphithrix Kiitz., 455, 485, 486 
janthina, 480, 489 (fig. 203) 
Amphora Ehrenb., 338, 300, 377, 

379 

ovalis, 337 (fig. 143), 340, 379 (tig. 
102), 380 

ovalis var. pediculus, 380 
Anabaena Bory, 11, 441, 44-2 (fig. 
182), 443, 440, 454, 478, 479 
Azollae, 4, 442 (fig. 182), 449, 450 
circinalis, 479 
Cycadearum, 440, 450 
flos-aquae, 479, 481 (fig. 198) 
inaequalis, 479 (fig. 197) 
Lemmermanni, 479 
oscillarioides, 479 
Anabaenin, 438, 440 
Ancylonema Nordenskioldii, 7 
Andrews, F. M., 49, 238 
Androsporangium, 216 
Androspore, 210, 219 
Anisogamy, 45; see also Aphano- 
chaete, 177, 194; Chlamy- 

domonas, 62; Cocconeis, 340; 
Zygnemales, 233 

Ankistrodesmus Corda, 10, 99, 100, 
108,128-131, 190 
acutissimusy 130 
Braunii, 99, 129 
convolutus, 130 
falcatus, 50, 129 (fig. 40), 130 
falcatus var. acicularis, 129 (fig. 
40), 130 

falcatus var. duplex, 130 
falcatus var. mirabilis, 129 (fig. 
40), 130 

falcatus var. spiralis, 130 
falcatus var. spirilliformis, 130 
falcatus var. stipitatus, 99 
falcatus var. tumidus, 129 (fig. 

40), 130 
Pfitzeriy 182 

setigerus, 129 (fig. 40), 130 
Spirotaenia, 180 
Anodonta, 5 

Anomoeoneis Pfitzer, 372 
Anomolae (sect, of Vaucheria), 294 
Antapical half (of Peridinieae), 
392 

Antapical plates (of Peridiniaceae), 
401 


Anterior, 25 
Antheridium, 45 

Antherozoids, see Spermatozoids 
Anthoceros, 4, 450, 476 
Aphanizomenon Morren, 441, 455, 
476, 479 

flos-aquae, 479, 481 (fig. 198) 
Aphanocapsa Naeg., 12, 435, 446, 
453, 457, 463 
delieatissima, 404 
Grevillei, 463 (fig. 187), 404 
Aphanochaete, A. Br., 12, 45, 58, 
176, 177, 182, 193, 194 

globostty 208 
glohosa var. minor y 208 
pilosissima, 194 
polychaete, 193 (fig. 76), 194 
repens, 176 (fig. 67), 193 (fig. 76), 
194 

Aphanotheee Naeg’., 11, 12,452, 457, 
463 

elathrata, 457 

niicroseopica, 457, 458 (fig. 183) 
nidulans var. endophytica, 458 
prasina, 442 (fig. 182) 
saxicola, 4,57 
Apical cell, 30, 54, 166 
Apical plates (of Peridiniaceae), 
401 

Apiocystis Naeg., 27, 06, 69, 95 
Brauniana, 94 (fig. 22), 95 
Aplanospores, 43 
Apogainy, 347 
Aptogonum Ralfs, 286 
Arcangeli, G., 428 
Archer, W., 1, 227, 260, 261 
Areschoug, 152, 162 
Arisarum vulgare, 58 
Artari, A., 107, 496 
Arthrodesmus Ehrenb., 255, 264, 
266, 280 

bifidus var. triincatus, 280 (fig. 
114) 

convergens, 280 
glaucescensy 460 
Incus, 280 (fig. 114) 

Incus var. Ralfsii, 280 (fig. 114) 
Incus var. validus, 280 (fig. 114) 
octocornis, 280 (fig. 114), 281 
Arthrosiphon Kiitz., 482 
Arthrospira Stizenb., 447, 454, 471 
Jenneri, 470 (fig. 191), 471 
Arum maculatum, 58 
Ascoglena Stein, 409, 411, 415 
vaginicola, 414 (fig. 174), 415 
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Asexual reproduction, 41—14 

Askenasy, E., 113 

Askenasyella Schmidle, 296, 300, 

305 

conferta, 305 (fig. 127), 306 
Astasia Dujard., 409 
Astasiaceae, 410 

Asterionella Hass., 11, 344, 349, 359, 
364, 367 
formosa, 11, 367 
gracillima, 367 (fig. 153) 
Asterococcus Scherlfel, 38, 55, 69, 
90 , 146 

superbus, 89 (fig. 17), 90, 91 (fig. 
18) 

Asterocystis Gobi, 421, 422, 432 
halophila, 431 (fig. 181), 432 
smaragdina, 431 (fig. 181) 
Atkinson, G. F., 426 
Attaching cells, 30, 54, 149, 220 
Attheya Zachariasi, 352 
Autospores, 44 

Autosporinae (autosporic Chloro- 
coccales), 59, 96, 99, 100, 101, 

117-142 

Auxiliary cells (of Florideae), 420 
Auxospores (of Diatoms), 345-347 
Axial area (of Diatoms), 337 
Axile chromatophores, 34 
Azolla, 4, 450, 476 
Caroliniana, 193 

Azoosporic forms, 28,33,44,96, 297 
Azygospores, 237 

Bachmann, H., 13, 123, 328, 347, 
361, 404, 490, 496 
Bacillaria Gmelin, 338, 360, 382 
paradoxa, 344, 382, 383 (fig. 164) 
Bacillariales, 6, 15, 21, 23 , 25, 36, 
39, 48, 335 - 386 , 397, 500; see 
also Diatomales 
Bacteria, 254, 450, 473, 499 
Bambusina Kiitz., 287 
Brebissonii, 288 
Bangia Lyngbye, 8, 417, 421 
atropurpurea, 421, 431 (fig, 181) 
Bangiales, 34, 165, 416, 417, 418, 421 
Basal cells, see Attaching cells 
Basal granules, 37, 387, 409 
Batrachospermum Roth, 11, 416 et 
seq., 422, 423, 424 , 425 , 500 
atrum, 425 

moniliforme, 419 (fig. 175), 423, 
424, 425 (fig. 177) 
vagum, 424, 425 (fig. 177) 
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Baumgaertel, O., 437, 440, 441, 445, 
482 

Beesley, L., 195 
Beijerinck, W., 17, 98, 118 
Benecke, W., 232, 341 
Bennett, A. W., 1, 91 
Benthos, 7, 11 
Berghs, J., 34, 231 
Bergon, P., 348 
Berthold, G., 41, 290, 496 
Bessey, C. E., 238 
Bews, J. W., 435 
Bichatia Turp., 462 
Biddulphia mobiliensis, 348 
Biddulphioideae, 352 
Binuclearia Wittr., 145, 150, 155 
tatrana, 11, 147 (fig. 52), 155 (tig. 
54) 

Birge, E. A. and Judhy, C., 5 
Blackman, F. F., 3 
Blackman, F. F. and Tansley, A. G., 
3, 178, 189, 496 
Blasia, 450 
Blepharoplasts, 37 
Blue-green Algae, see Myxophyceae, 
434-495 

Bogs, Algae of, 11 

Bohlin, K., 3, 7, 20, 289, 298, 299, 
306, 308, 496 
Boldt, R., 259 
Bonnet, J., 49 
Boresch, K., 439 
Borge, O., 1, 30, 229, 234 
Bornet, E,, 1 

Bornet, E. and Flahault, C., 198, 
477 

Bornet, E. and Thuret, G., 423 
Borzi, A., 1, 2, 20, 85, 134, 156, 188, 
208, 295, 308, 333, 334, 389, 
443, 445, 447, 477, 484, 486 
Botrydina Br6b., 89 
vulgaris, 89 

Botrydiopsis Borzi, 27, 33, 102, 297, 
298, 301, 307 
arrhiza, 297 (tig. 122), 307 
Botrydium Wall., 4, 12, 31, 33, 299, 
301, 312 , 313,500 
granulatum. 111, 313 (fig. 132), 
Botryococcus Kiitz., 296, 300, 303 , 
304 

Braunii, 11, 303 (fig, 125), 304 
protuberans, 304 
sudeticus, 304 (fig. 126) 
Botryodictyon Lemm., 303 
Botryomonas Schmidle, 303 
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Botryosphaera Chod., .■J04 
Boubier, A. M., 55 
Bourquin, H., 55 
Boycott, A. E., 4 

Brachiomonas Bohlin, 12, 44, 00, 61 , 
02, 67, 72 , 500 
simplex, 72 
siibmarina, 72 (Og. 0) 

Brackish pools, Algae of, 12 
Bradypus (Three-tocd Sloth), 5 
Branching, 00 

Brand, F., 40, 105, 100, 154, 158, 
104, 107, 108, 109, 170, 200, 
211, 422, 424, 426, 428, 480, 
481, 482, 4tl, 448, 444, 445, 
440, 447, 457, 409, 490 
Brandt, K., 98, 850 
Braun, A., 92, 198, 490 
Breaking of the Meres, 451, 490 
Brewer, 7 

Bristles, KM), 114, 140, 174 
Bristol, B. M., 17, 84, 90, 105, 109, 
110, 155, 178, 448, 490 
Brown, J. G., 233 
Brim, J., 352 

Brunnthalcr, J., 95, 90, 101, 127, 
132, 134, 187, 138, 157, 828, 
457, 494, 496 
Bryopsis Lam., 288, 289 
Budde, II., .500 
Buder, .J., 499 

Biilbochaete Ag., 12, 58, 212 et seq., 
222, 223 
crassiuscula, 223 
gigantea, 223 
nana, 223 (fig. 92) 

Nordstedtii, 223 (fig. 92) 
subintermedia, 228 (fig. 92) 
Bumilleria Borzi, 33, 299, 301, 

312 

exilis, 12, 297 (fig. 122), 312 
purniia, 311 (fig. 131), 812 
Butcher, R. W., 7 
Biitsehli, O., 344, 408, 417 

Calcareous districts. Algae of, 9 
Callithamnion Lyngbye, 417, 420 
Caloct/lindrus (Naeg.) Kirchn., 276, 
278 

Caloneia Cleve, 372 
Calothrix Ag., 425, 444, 455, 485, 
486 , 487 , 488 
epiphytica, 487 
fusca, 487 

parietina, 487 (fig. 201) 


Calyptra (of Oscillatoriaceae), 469 
Camptotrichaceae, 468, 491 
Campylodiscus Ehrenb., 361, 386 
Hibernieus, 385 (fig. 166), 386 
Ca[)sulococcus Bennett, 91 
crateriformis, 91 
Carex, 248 

Carinal dots (of Nitzschioideae), 838, 
881 

Carlson, G. VV. F., 803, 304 
Carotin, 489 
Carj)ogonium, 418 , 420 
Carposporangia, 420 
Carposj)ores, 49, 420 
Carter, H. J., 83, 480 
Carter, N., 2, 14, 84, 8.5, 50, 107, 148, 
1.54, 178, 214, 280, 257, 2.58, 
205, 278, 274, 278, 284, 298, 
808, .862, 414, .500 
Carteria Diesing, 88, 00, 05, 08, 78 
eordiformis, 78 
multihlis, 71 (fig. 5), 78 
obtusa, 78 
Carterieae, 08, 78 
('aryoids, 231 
Castraeane, T., 8.50 
Cataracts, Algae of, 1 1 
Caulerpa Lamk., 288 
Cell, structure of algal, 32 , 34-40; 
in Myxophyceae, 436-439, 
500 

Cell-division, 28, 39 , 40 , 56; in 
Desmids, 258, 259, 269; in 
Diatoms, 345; in Mesotaeniales, 
225, 226; in Myxophyceae, 444; 
in Oedogoniales, 214, 215; in 
Pcridinieae, 395, 396 
Cell-sheath (of Myxophyceae), 443 , 
444, 448 

Cell- wall, 28, 38 , 39 , 40; of Des- 
mids, 253-256, 270 ; of Diatoms, 
335-340; of Heterokontae, 298, 
299 ;of Isokontae, 54, 55; of 
Myxophyceae, 443; of Oedo- 
goniales, 213, 214; of Peridi- 
nieae, 392-394; of Zygnemales, 
231, 232 

Cellulose, 21, 39, 54, 254, 318, 388, 
392, 443, 444 

Central body (of Myxophyceae), 24, 
437 - 438 , 440, 444 
Central granules (of Myxophyceae), 
440, 441 

Centricae (centric Diatoms), 35, 
336 et seq., 852, 353-368 
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Centritractus Lemm., 297, 298, 301, 

307 

belonophorus, 305 (fig. 127), 307 
Ceritroplasm, 440 
Centrosome, 107, 341 
Cetilrosphaera Borzi, 109 
FacciolaaCy 110 
Cephaleuros Kiinze, 31 , .58 
Ceramiiim (Hoth) Lyngbye, 417, 420 
CerasteriaH Reinsch, 120, 127 
Ccratium Schrank, 11, 395, 396, 398, 
402-404, 500 

cornutum, 11, 394 (fig. 168), 403 
(fig. 171), 404 
curvirostre, 404. 
hirundinella, 11, 403 (fig. 171) 
rnacroceras^ 403 
Ceratodus, 10 

Ceratorieis Khrcnb., 338, 3.59, 368 
Arcus, 368 (fig. 154) 

Arcus var. Amphioxys, 368 
Cercidium Dang., 79 
Chaetoccras Ehrenb., 350 
decipiens, 348 

Chaetomorpha Kiitz., 148, 151, 166, 

167 

aerea, 167 

Linum, 11, 167 (fig. 62) 
sutoria, 167 

Chaetonella Schmidle, 151, 172 
Goetzei, 172 (fig. 66) 

Chaetoneiiia Nowak., 176, 182, 191 
irregulare, 191 (fig. 74) 
Chaetopeltidaceae, 102, 103, 174, 
181, 183, 204-209, 495 
Chaetopeltideae, 183, 205-207 
Chaetopeltis Berth., 181, 183, 205 
orbicularis, 12, 205 (fig. 82), 206 
Chaetophora Schrank, 11, 175, 181, 
187, 188 
calcar ea^ 188 
Cornu Damae^ 188 
elegans, 187 (fig. 71), 188 
endiviaefolia, 188 
incrassata, 187 (fig. 71), 188 
pisiformis, 11, 188 
tuberculosa, 188 

Chaetophoraceae, 174 et seq., 181, 
183-196, 212 

Chaetophorales, 30, 42, 54, 59, 108, 
156, 172, 174-212 
Chaetophoreae, 175, 181, 184-188 
Chaetosphaeridieae, 183, 207-209 
Chaetosphaeridium Klebahn, 180, 
181, 183, 207, 208 


globosum, 11, 208 (fig. 84) 
globosum var. depressum, 208 
(fig. 84) 

Pringsheimii, 208 
Pringsheimii f. conferta, 208 
Chamaesiphon A. Br. & Grun., 12, 
448, 453, 465, 467, 468 
confer vicola, 468 
fuscus, 468 

incrustans, 467 (fig. 190), 468 
polymorphiis, 468 
Chamaesiphonaceae, 453, 467, 468 
Chaniaesiphonales, 31, 448, 451, 452, 
453, 461, 465-468 
Chamberlain, C. .1., 14, 15 
Chantransia Fries, 11, 417, 422, 423 
corymbifera, 419 (fig. 175), 423 
[)ygniaea, 423 (fig. 176) 
scotica, 423 (fig. 176) 
violacea, 423 

Chantransia-stages, 50, 423, 424, 
426, 428 
Chara, 489 
Characeae, 204 

Characiopsis Borzi, 12, 297, 298, 300, 

308 

rninuta, 808 (fig. 129) 

Naegehi, 308 
turgida, 308 (fig. 129) 

Characium A. Br., 12, 58, 71, 102, 
107, 108, 308 
ambiguum, 108 
cylindricum, 308 
Debaryanum, 108 
ensiforme West, 108 
ornithocephalum, 108 
Pringsheimii, 108 (fig. 24) 
Sieboldii, 55, 108 
subulatum, 108 (fig. 24) 
Westianum, 108 (fig. 24) 

Chatton, E., 77 
Chick, H., 98, 119 
Chilomonas Ehrenb., 387, 389 
Chitin, 443 

Chlamydococcus A. Br., 79 
pluuialiSf 79 

Chlamydomonadaceae, 11, 32, 43, 
45, 60, 63, 67, 70-78, 82, 120 
Chlamydomonadales, 19, 52, 57, 58, 
59, 63, 67, 69-85 
Chlamydomonadeae, 67^ 70-78 
Chlamydomonas Ehrenb., 10, 26, 
33, 37, 44, 49, 59 et seq., 67, 70, 
71, 80, 85, 816 
Braunii, 71 
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Chlamydomonas {coni.) 
cocci fera, 4-5, (>2 
Debaryaiui, 70, 71 (li^. 5) 

Du } lain y 7.‘1 
Ehrenbergiiy 70 
elc trails, 68 (fijr. 4), 70 
;ri^antea, 6»3, 71 
)irlobulosa, 68 (fig. 4), 70 
Grovei, 70 
hyalina, 78 

KIcinii, 65, 70, 71 (fig. 5), 815 
longistigina, 62 
ineclia, 62 

nioriadina, 48 (fig. 8), 45, 62, 68 
(fig 4), 71 
nivalis, 7, 71 
plurisligma, 71 
piilvis(!ulus, 70 
reticulata, 70 
sphagnicola, 22 (fig. 1), 70 
stijtilaia. 71 

Cilia inydotlirix ocbracea, 478 
Chloramocba Bohlin, 88, 295, 206, 
816 

hetcromorpha, 22 (fig. 1) 
Clilorainocbalcs, 800, 301, 302 
Chloratigium Stein, 67 
Clilorclla Boijerinck, 4, 28, 88, 52, 
.57, 06 ct scq., 108, 107, 118, 
119, 200 
infusion um, 106 
niiniata, 118 (fig. 82), 110 
pyrenoidosa, 110 
vulgaris, 06, 07 (fig. 23), 118 
Chlorellaceae, 100, 103, 118-122 
Chlorelleae, 108, 118-121 
Chlorobotrydaceae, 806, 807 
Chlorobotrys Bohlin, 28, 38, 207, 
208, 801, 306 
liinneticus, 807 

regularis, 11, 297 (fig. 122), 806 
(fig. 128), 807 
stellata, 307 

Chlorochromatium aggregatum, 499 
Cldorochytrieae ,97 ,102 ,105 ,109-111 
Chlorochytrium Cohn, 4, 83, 58, 98, 
102, 109 

It'acciolaae, 109 (fig. 25), 110 
Knt/anumy 109 

Lemnae, 109 (fig. 25), 110 (fig. 26) 
paradoxiim, 109, 110 
Chlorococcaceae, 102, 104-111 
Chlorococcales, 2, 6, 34, 44, 50, 52 
et seq., 59,89,96-142, 143, 146, 
148, 181, 289 


Chlorococceae, 102, 106-108 
Chlorococcoid forms, 27, 28, 33 
Chlorococcoid structure, 95 
Chlorococcuni Brand, 106 
Chlorococcum Fries, 88, 52, 56, 57, 
95, 96, 102, 105, 106, 107, 143, 
209, 210, 212 
gigasy 90 

humicolum, 12, 97 (fig. 28), 105 
infusionuin, 97 (fig. 28), 98, 105, 
106 

murorumy 106 
regularey 807 
vulgar Cy 211, 212 
Clilorocfjslis Reinliardt, 109 
Chlorodendraceae, 85, 86 
Chlorodendrales, .58, 59, 67, 68, 85, 
86 

Clilorodendron Scnn, 27, 88, 67 
subsalsuin, 29 (fig. 2) 
Chlorodesmus Phillips, 818, 821, 
825, 326 

hispidus, 824 (fig. 184), 826 
Chlorogonium Elnenb., 62, 68, 78, 
79, 80 

cuchlorum, 68 (fig. 4), 80 
Chloromonadales, 28, 405, 406 
Chloronionas Gobi, 70 
Chlorophyceae, 51 
Chlorophyll, 51 
Chlorophyllin, 895 
Chlorophyta Pascher, 351 
Chloroplasts, 34, 55; of Chaeto- 
phorales, 175, 178; of Chloro- 
coccales, 95, 97; of Cladophor- 
aeeae, 148, 166; of Conjugatae, 
226, 231, 245, 257, 258; of 
Euglenineae,407, 408 ; of Heter- 
okontae, 295, 296; of Micro- 
spora, 146, 163; of Oedo- 

goniales, 214; of Prasiola, 146; 
of Sphaeroplea, 149, 173; of 
Ulotrichales, 142; of Vaucheria; 
289; of Volvocales, 60; staining 
of, 15; cf. also under Chroma- 
tophores 

Chlorosaccus Luther, 27, 33, 296 
fluidus, 297 (fig. 122) 
Chlorosphaera Henfrey, 117 
Chlorosphaera Klebs, 28, 53, 98, 102, 
107, 143, 209 

consociata, 97 (fig. 23), 107 
limicolay 105 
Chlorotheciaceae, 308 
Chmielevsky, V., 236 
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Choaspis S. F. Gray, 236, 249 
Chodat, R., 1, 2, 5, 7, 60, 86, 88, 106, 
107, 118, 121, 123, 124, 125, 
127, 133, 136, 138, 161, 202, 
209, 210, 211, 212, 803, 304, 
461, 493, 494, 496, 500 
Chodat, R. and Grintzesco, J., 17 
Chodat, R. and Huber, J., 113, 140 
Chodat, R. and Malinesco, O., 138 
Chodat, R. and Topali, 158 
Chodatella Lemm., 100, 108, 126 
breviseta, 125 (fig. 37), 126 
ciliata, 126 

ciliata var. amphitricha, 125 (fig. 

37), 126 
quadriseta, 126 
radians^ 126 
Chondriosomes, 35 
Chromatic adaptation (in Myxo- 
phyceae), 439, 440 
Chroma tophores, 20, 25, 34, 35, 47; 
of Chrysophyceae, 314, 315; of 
Cryptophyceae, 388; of Di- 
atoms, 341; of Myxophyceae, 
438, 439; of Peridinieae, 395; 
of Rhodophyceae, 416, 417 ; 
see also Chloroplasts 
Chromatoplasm, 441 
Chromophyton Rosanoffii, 322 
Chrornosiphon Gom. (sect, of Schizo- 
thrix), 474 

Chromosomes, 32, 34, 39, 48 
Chromulina Cienk., 26, 33, 43, 315, 
316 (fig. 133), 317, 321, 322 
Hokeana, 315, 316 (fig. 133) 
mucicola, 315 
nebulosa, 315 
ovalis, 22 (fig. 1), 322 
Rosanoffii, 315, 316 (fig. 133), 322 
Chromulinales. 315, 820, 821, 322- 
324 

Chroococcaceae, 437, 443, 444, 452, 
456-465, 495 

Chroococcales, 2, 6, 435, 443, 449, 
450, 451, 452, 456-465 
Chroococcus Naeg., 435, 453, 464 
cohaerens, 464 
giganteus, 464 (fig. 188), 465 
limneticus, 465 

macrococcus, 433, 437, 444, 465 
minor, 464 
pallidus, 464 

schizodermaticus,464(fig. 188),465 
turgidus, 12, 487, 442 (fig. 182), 
464 (fig. 188) 


Chroodactylon Hansg., 432 
Chrooleptis Ag., 200 
Chroomonas Hansg., 887, 389, 390 
Nordstedtii, 390 (fig. 167) 
Chroothece Hansg., 421, 422, 432, 
452 

Richterianum, 431 (fig. 181), 433, 
465 

Chrysocapsa Pascher, 27, 33, 319, 
321, 330 

paludosa, 331 (fig. 138) 

Pascheri, 331 

planctonica (W. & G. S. West), 
831 

planctonica Pascher, 331 
Chrysocapsaceae, 321, 330-332 
Chrysocapsales, 315, 319, 320, 321, 
330-333 

Chrysococcus Klebs, 26, 33, 317, 
319, 321, 322, 323 
rufescens, 316 (fig. 133), 328 
tessellatus, 323 

Chrysomonadales, 6, 14, 38, 315 et 
seq., 320, 321, 322-333, 350 
Chrysophyceae, 19, 21, 22, 25, 33, 
36, 44, 314-334, 350, 351, 500 
Chrysophyta, 351 
Chrysopyxis Stein, 317, 318 
bipes, 29 (fig. 2) 

Chrysosphaera Pascher, 20, 27, 38, 
319 

nitens, 29 (fig. 2) 
Chrysosphaerales, 319, 320, 331 
Chrysosphaerella Lauterb., 33, 318 
Chrysothrix Pascher, 319 
Chrysotrichales, 319, 320, 333, 334 
Chthonoblastus Kutz., 473 
Church, A. H., 53 
Cienkowski, L., 157, 322, 405, 496 
Cilia, 14, 20, 25, 37; of Crypto- 
phyceae, 887 ; of Dinophyceae, 
393; of Euglenineae, 408; of 
Heterokontae, 295, 296 
Cladonia, 107 

Cladophora Kiitz., 8, 30, 88, 34, 35, 
36, 87, 41, 54, 56, 148, 149, 151, 
168-170 
crispata, 170 
fracta, 11, 170 

glomerata, 11, 169 (fig. 64), 170 
holsatica, 170, 199 
Sauteri, 170 

Cladophoraceae, 11, 32, 39, 40, 55, 
56, 147-149, 151, 166-172, 
177 
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Cladophorales, 59, 150, 151, 166— 
172, 289 
Cladothrix, 472 

Classification of Protophyta, 3, 18- 
25 

Clathrocystis Henfrey, 461 
aeruginosa y 462 
roseo-persicinay 462 
Cleistoperidinium (sect, of Peri- 
dinium), 402 
Cleland, R. E., 420 
Clements, F. E. and Shantz, H., 460 
Cleve, P. T., 352, 370, 372, 373 
Clirnacidium Ehrenb., 368 
Clonothrix gracillmuiy 472 
Closteridium Reinsch, 127 
Closterieae, 266, 269-272 
Closteridpsis Lemm., 100, 104, 132 
longissima, 130, 131 (fig. 41), 132 
longissima var. tropicum, 132 
Closterium Nitzsch, 11, 253 et seq., 
266, 268, 269-272, 500 
acerosum, 265, 271 (fig. 106), 272 
aciculare, 271 
acutum, 271 (fig. 106) 
calosporum, 270 

Ehrenbergii, 256 (fig. 103), 258, 
272 

gracile, 11, 272 
intermedium, 270 
Kiitzingii, 269, 270 
lanceolatum, 254 (fig. 102) 
Leibleinii, 256 (fig. 103), 272 
Libellula, 268 (fig. 105), 271 
lineatum, 260 (fig. 104), 261, 272 
Lunula, 261 
moniliferum, 265, 272 
parvulum, 271 (fig. 106), 272 
pronum, 271 

pusillum var. monolithum, 271 
Ralfsii var. hybridum, 261 
rostratum, 265, 270, 272 
rostratum var. brevirostratum, 

271 (fig. 106) 

striolatum, 270, 271 (fig. 106), 

272 

subtile y 130 
turgidum, 271 
Venus, 272 

Cocci (of Myxophyceae), 449 
Coccolithophoridae, 317 
Coccomonas Stein, 26, 33, 61, 68, 
84 , 85 

orbicularis, 84 (fig. 13) 

Coccomyxa Schmidle, 69,. 89 


dispar, 89 (fig. 17) 

Solorinae, 89 

subellipsoidea, 89 (fig. 17), 90 
Cocconeis Ehrenb., 12, 166, 337, 343, 
346, 349, 359, 370 
Pediculus, 370, 371 
Placentula, 370 (fig. 155), 371 
Cocconema Ehrenb., 377 
Codiaceae, 288, 289 
Codiolum A. Br., 199 
Codium Ag., 289 

Coelastraceae, lOO, 104, 136-142 
Coelastrum Naeg., 11, 28, 100, 104, 

140-142 

cambricum, 141 (fig. 49) 
cubicum, 142 
distansy 142 
microporum, 142 
proboscideum, 142 
pulchruruy 141 

reticulaturn, 141 (fig. 50), 142 
schizodermaticum, 142 
sphaericum, 1*41 (fig. 49) 
subpulchruniy 142 

Coelosphaerium Naeg., 11, 435, 441, 
453, 460, 461 

Kutzingianum, 458, 460 (fig. 185), 
461 

minutissimum, 461 
Naegelianum, 328, 329, 330, 461 
Coenobia, 52, 63, 64, 99, 100 
Coenocytes, 31, 98, 148, 149, 288 et 
seq., 299 

Cohn, F., 7, 173, 450 
Cohn, F. and Wichura, 80 
Cohniella Schroder, 138 
Colacium Ehrenb., 27, 33, 409, 411, 
415 

arjjuscula, 414 (fig. 174), 415 
Coleoehaetaceae, 174, 180, 183, 202- 
204 

Coleochaete Br6b., 12, 31, 34, 46, 47, 
49, 54, 58, 174, 179, 180, 183, 
202-204, 420 
irregularis, 204 
Nitellarum, 204 
orbicularis, 204 

pulvinata, 179 (fig. 68), 202, 203, 
204 

scutata, 179, 202, 203 (fig. 81), 
204 

soluta, 179, 204 
Coleospermum Kirchner, 482 
Collection of Freshwater Algae, 12, 
13 
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Collemaceae, 476 
Colletonenia Br6b., 371 
Collins, F. S., 213 

Colonies, 26, 27, 33, 41; of Chloro- 
coccales, 99, 100; of Chryso- 
phyceae, 318, 319; of Crypto- 
pliyceae, 389; of Desmidiaceae, 
263; of Diatoms, 344; of Eu- 
^lenineae, 409 ; of Heterokontae 
296; of Myxophyceae, 435; of 
Volvocales, 63-65 
Colonisation, 8, 435, 449 
Coloration of water by Algae and 
Flagellata, 6, 60, 392, 407, 451 
Colourless Algae and Flagellata, 19, 
26, 61, 98, 296, 299, 317, 341, 
409 

Com^re, J., 2, 8, 9, 10, 263, 276 
Compsopogon Montague, 417, 422, 

428-430 

caeruleus, 429 (fig. 179) 
leptoclados, 429 (fig. 179), 430 
Conditions, of asexual reproduction, 
42, 291 ; of existence, 7, 435; of 
sexual reproduction, 46 
Conferva JLagerli. (and other 
authors), 299, 310 
affinisy 311 
bombycinay 310, 311 
fontinalisy 168 
obsoletay 311 

Confervales, see Heterokontae, 295 
Conjugatae, 9, 34, 46, 47, 48, 55, 57, 
59, 224-288, 345, 346 
Conjugation, 224; in Desrnids, 2.58, 
259-261; in Diatoms, 345, 346; 
in Mcsotaeniales, 226, 227; in 
Zygnemales, 232-237 
Connecting-bands, of Desrnids, 270; 

of Diatoms, 335, 338, 339 
Conochaete Klebahn, 180, 183, 208, 
209 

comosa, 208 (fig. 85), 209 
polytricha, 209 

Conrad, W., 64, 76, 319, 323, 325, 
414 

Contractile vacuoles, 38, 234, 408 
Cooke, M. C., 1,2 
Copelandosphaera Shaw, 81, 82' 
Copepoda, 5, 415 
Copromonas subtiliSy 410 
Corallinaceae, 421 
Corbiera Dang., 78 
Corda, A. J., 128 
Corethron Valdiviae, 348 
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Corniculatae (sect, of Vaucheria), 
294 

Correns, C. E., 95, 447 
Coscinodiscaceae, 353, 355, 356 
Coscinodiscus Ehrenb., 348, 353, 

356 

lacustris, 356 (fig. 147) 
Cosrnaridium Gay, 276 
Cosmarieae, 259, 266, 272-288 
Cosmarium Corda, 1 1 , 12, 2.53 et seq., 
266, 268, 276-279 
abbreviatum, 278 
anceps, 12, 264, 278 
bioculatum, 277 (fig. 112) 

Botrytis, 261, 265, 278 
Brcbissonii, 257 
Cucurnis, 257, 278 
Cucurbita, 11, 278 
cucurbitinum, 256 (fig. 103), 278 
curtum, 268 (fig. 105), 278 
cyclicum, 264 
cymatopleurum, 264 
diplosporum, 228 (fig. 93), 261 
docidioidcs, 278 
Dovrense, 264, 278 
granatum, 265, 277 (fig. 112) 
granatum var. subgranatum, 277 
(fig. 112), 278 
Holmiense, 12, 264, 278 
humilc, 278 

isthmium, 277 (fig. 112) 
melanosporum, 278 
Meneghinii, 265, 277 (fig. 112), 278 
microsphinctum, 278 
moniliforme, 263 
obliquum, 263 
ovale, 257, 278 
platyisthmurriy 127 
Pokornyanum, 278 
praemorsum, 277 (fig. 112), 278 
pseudarctoum, 264 
pseudoconnatum, 277 (fig. 112), 
278 

pseudopyramidatum, 254 (fig. 
102 ) 

pygmaeum, 279 
pyramidatum, 278 
Ralfsii, 258, 278 
Regnesii, 277 (fig. 112) 
reniforme, 254 (fig. 102), 277 (fig. 
112 ) 

salinum, 253 
subcostatum, 278 
subretusiforme, 278 
subspeciosum, 278 
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Cosmarium (coni.) 
subtumidum, 254 (fig. 102), 278 
subtumidiim var. Klebsii, 256 
(fig. 103) 

turgidum, 254 (fig. 102) 
Cosmocladium Br6b,, 135, 267, 282, 
283 

constrictum, 283 (fig. 116) 
perissum, 283 (fig. 116) 
pulchellum, 283 (fig. 116) 
Saxonicum, 288 
Costae (of Diatoms), 840 
Cox, 344 

Craterospermum Braun, 249 
Craticular state (of Diatoms), 348 
Crow, W. B., 49, 68, 80, 136, 140, 
456, 461 

Crucigenia Morren, 100, 104, 136, 137 
irregularis, 187 
minima, 187 
quadrata, 137 (fig. 47) 
rectangularis, 137 (fig. 47) 
Tetrapedia, 137 (fig. 47) 
triangularis, 137 
Crucigeniella Lemm,, 186 
Crustacea, 5, 10, 263, 349 
Cryoplankton, 7 

Cryptochrysis Pascher, 387, 388, 389 
Cryptococcales, 389 
Cryptoglena angulosa, 83 
lenticularis, 83 

Cryptomonadaceae, 387, 388, 389 
Cryptomonadales, 38, 388, 389 
Cryptomonas Ehrenb., 11, 25, 82, 
83, 887 et seq., 390, 391 
anomala, 890 (fig. 167), 391 
compressa, 22 (fig. 1) 
erosa, 891 
Nordstedtii, 390 
ovata, 22 (fig. 1), 891 
Cryptonemiaies, 421 
Cryptophyceae, 23, 88, 86, 387- 
391, 897 

Ctenocladus Borzi, 197, 198 
Cultivation of Algae (cultures), 16- 
18, 500 

Cunningham, B., 245 
Cuticle (of Algae), 38, 54 
Cyanophyceae, see Myxophyceae, 
24, 484-495 

Cyanophycin, 440, 441, 445 
Cyanoplasts, 489 
Cycas, 450, 476 
Cyclonexis Stokes, 821, 327 
annularis, 827 (fig. 186) 


Cyclops, 108 

Cyclotella Kutz., 11, 386, 849, 353, 
356 

comta, 355 

comta var. quadrijuncta, 355 
Kiitzingiana, 355 
Meneghiniana, 355 
operculata, 355, 356 (fig. 147) 
SchrOteri, 355 

Cylindrocapsa Reinsch, 57, 145, 151, 
169, 160, 220 
conferta, 159 (fig. 58), 160 
geminella var. minor, 160 
involuta, 159 (fig. 58), 160 
Cylindrocapsaceae, 151, 159, 160 
Cylindrocystis Menegh., 224 et seq., 
229, 262, 265 

Brebissonii, 11, 227, 228 (fig. 93), 
229 

crassa, 12, 226, 229 
Cylindrospermum Kiitz., 436, 446, 
455, 476, 480 
catenatum, 480 
licheniforme, 442 (fig. 182) 
macrospermum, 480 
majus, 12, 480 
stagnale, 479 (fig. 197), 480 
Cylindrotheca Rabenh., 353, 358 
gracilis, 357 (fig. 148), 358 
Cymatopleura W. Smith, 861, 384 
elliptica, 884 (fig. 165) 

Solea, 884 (fig. 165) 

Cymbella Ag., 12, 336, 337 (fig, 
143), 338 et seq., 360, 377- 
379 

caespitosa, 379 
Cistula, 879 
cuspidata, 12, 379 
cymbiformis, 379 
gracilis, 379 

lanceolata, 879 (fig. 162) 
prostrata, 879 

Cymbellaceae, 360, 377-381 
Cysiococcus auct., 106, 209 
Cystococcus Naeg., 105, 106 
humicola Gerneck, 106 
humicota Naeg., 105 
humicola Treboux, 106 
Cystodinium Klebs, 33, 396 
Cysts, 19, 44, 62; of Chrysophyceae, 
815,816,322; of Cryptophyceae, 
388; of Dinophyceae, 896; of 
Heterokontae, 298; of Vau- 
cheria, 291 
Czurda, V., 281, 288 
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Dactylococcopsis Hansg., 453, 458 
montana, 459 (fig. 184) 
rhaphidioides, 459 
Dactylococcus Naeg., 99, 101, 103, 
128 

bicaudatus, 128 (fig. 39) 
bicaudatus var. subramosus, 128 
(fig. 39) 
caudatus, 128 
DebaryanttSy 108 
dispar, 128 (fig. 39) 
in/mionunii 101, 128, 139 (fig. 48) 
Dactylotfiece Lagerh., 09, 92 
Braunii, 92 (fig. 19) 

Damp ground, Algae found on, 12 
Dangeard, P. A., 00, 02, 09, 71, 73, 
74, 79, 83, 140, 142, 388, 390, 
405, 411, 439, 495 
Dasycladaceae, 288 
Dasygloea Thwaites, 454, 476 
amorpha, 475 (fig. 195), 470 
Davis, B. M., 07, 292, 418 
De Bary, A., 490 

Debarya Wittr., 231, 232, 233, 238, 
239, 241>243 

calospora, 50, 242 (fig. 90), 243 
cruciata, 243 

Desmidioides, 242 (Og. 90), 243, 
202 

glyptosperma, 242 (fig. 90), 243 
laevis, 242 (fig. 90), 243 
Deflandre, G., 14, 411, 500 
Delf, E. M., 415 
Dellinger, O. P., 37, 407 
Dendroid forms, 27, 33 
Denticula Kiitz., 12, 339, 340, 359, 
363, 304 
elegans, 363 
sinuata, 303 
tenuis, 303 (fig. 150) 
Dermatocarpon, 212 
DermcUophyton Peter, 195 
Desiccation, resistance of Algae to, 
8, 247, 847, 441 
Desmagonium Ehrenb., 308 
Desmidiaceae (Desmids), 0, 9, 10, 
11, 13, 89, 48, 58, 224, 225, 
253-288, 350 

Desmidium Ag., 259, 207, 286, 287 
Aptogonum, 287 (fig. 119) 
Borrerif 288 

cylindricum, 259, 287 (fig. 119) 
graciliceps, 287 
quadratum, 287 (fig. 119) 
Swartzii, 259, 287 (fig. 119) 


Desmococcus vulgaris , 212 
Desmonema Berk. & Thwaites, 455, 
480, 482, 484, 485 
Wrangelii, 484 (fig. 200), 485 
De Toni, G. B., 2 
Diadesmis Kiitz., 371 
Diatoma DC., 340, 359, 364, 365 
elongatum, 304 (fig. 151), 365 
hiemale, 364 (fig. 151), 365 
hiemale var. mesodon, 304 (fig. 

151), 365 
vulgare, 365 

Diatomaceae, 359, 364, 365 
Diatomaceous earths, 316, 349, 350 
Diatomales (Diatoms), 6, 7, 8, 11, 
23, 36, 39, 335-386; see also 
Bacillariales ; preparation of, 
15, 16 

Diatomeae Forti, 304 
Diatomella Grev., 359, 362 

Balfouriana, 362, 378 (fig. 161) 
Diatomin, 841 

Dichothrix Zanard., 455, 486, 487, 
488 

interrupta, 487 (fig. 201), 488 
Nordstedtii, 488 
Orsiniana, 487 (fig. 201), 488 
Dichotomosiphon Ernst, 289, 290, 
298 

Dicranochaete Hieron., 181, 183, 
207 

britannica, 207 
reniformis, 205 (fig. 82), 207 
reniformis var. laevis, 207 
Dicranochaeteae, 183, 207 
Dictyococcus Gerneck, 85, 97 
Gernecki, 100 

Dictyocystis Lagerh., 104, 135, 146 
Hitchcockii, 181 (fig. 41), 185 
Dictyosphaeriaceae, 104, 134-136 
Dictyosphaerium Naeg., 52, 66, 99, 
100, 104, 134, 135 
Ehrenbergianum, 10, 11, 134 
Hitchcockii, 185 
pulchellum, 134 (fig. 44) 
reniforme, 134 
Didymoprium Kiitz., 286 
Grevillii, 287 
Diels, L., 485 
Dill, E. O., 56, 60 
Dillwyn, L. W., 1 

Dimorphococcus A. Br., 99, 104, 
136 

lunatus, 185 (fig. 46), 136 ^ 

Dinamoeba Pascher, 88 
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Dinobryon Ehrenb., 11, 27, 33, 318, 
321, 328 - 330 , 500 
calyciforme, 329 
erenulatum, 329 
cylindricum, 329 

cylindricum var. divergens, 329 
(fig. 137) 
divergens, 329 
protuberans, 330 
Sertularia, 329 (fig. 137), 330 
sociale, 330 

Utriciilus, 319, 327 (fig. 136) 
Dinocapsales, 392 
Dinococcales, 392, 396 
Dinoflagellata, 6, 36, 392 ct seq.; 

see also Peridinieae 
Dinophyceae, 21, 23 , 26, 33, 36, 387, 
392-404 

Dinothrix Pascher, 33, 397 
Dinotrichales, 392 
Dioecious, 46 

Diplocolon Naeg., 455, 480, 485 
Heppii, 484 (fig. 200), 485 
Diploid phase, 48 
Diploneis Ehrenb., 372 
Discoid types, 31, 176 
Discoideae, 352, 353-356 
Dispersal of Algae, 43, 58, 264 
Ditches, Algae of, 10 
Division of labour, 26, 30, 52, 64, 
175, 332 

Dobell, C. C., 410 
Docidium Br^b., 266, 272, 274 
(isperunif 241 
Baculum, 272 (fig. 107) 
undulatum, 272 (fig. 107) 

Dodel, A., 47, 144 
Doeflein, F., 500 
Dolichospermum Thwaites, 478 
Double zygospores, 227, 260 (fig. 
104), 261, 346 

Draparnaldia Bory, 11, 80, 54, 175, 

* 181, 186 , 187 

glomerata, 186 (fig. 70), 187 
plumosa, 187 
Drosera, 248 
Ducellier, F., 257, 263 
Dudresnaya Bonnem., 420 
Dunaliella Teodoresco, 12, 61, 62, 
68, 73 

salina, 72 (fig. 6), 78 
Dwarf-males, 216 , 217, 219, 220 
J>ysmorphococcu8 Takeda, 68, 84, 
85 

variabilis, 84 (fig. 18), 85 


Dysphinctium Naeg., 276, 278 

Ectocarpus Lyngb., 31 
Ectoplasts, 441, 445 
Ehrenberg, C. G., 78, 344, 350 
Elakatothrix Wille, 69, 90 
gelatinosa, 89 (fig. 17), 90 
Elenkin, A. A., 451 
Encapsuled types, 26 , 33 
Encyonerna Kiitz., 344, 377 
Endoderma Lagerh., 58, 176, 179, 
182, 196 

Cladophorae, 191 (fig. 74), 196 
gracile^ 195 

Endophytes, 4, 58, 109 et seq., 196, 
450, 458, 476 
Endoplasts, 440, 441 
Endosphaera Klebs, 109, 110 
Enteromorpha Link., 8, 151, 160, 
161, 162 

intestinalis, 11, 12, 161 (fig. 59), 
162 

percursa, 162 
Entocladia gracilis, 195 
Entophysalis Kiitz., 456 
Entz, G., 37, 73, 500 
Epiclemydia Potter, 195 
Epiphytes, 4, 12, 26, 55, 58, 176, 317, 
844, 465 

Epiplasts, 441, 445 
Epitheca (of Diatoms), 335 
Epithemia Br^;b., 12, 32, 339, 340, 
349, 360, 380 
Argus, 380, 381 (fig. 163) 

Argus var. alpestris, 337 (fig. 143), 
380 

gibba, 381 
gibberulUi 381 
turgida, 380, 381 (fig. 163) 
zebra, 380 

Epi valve (of Peridiniaceae), 398, 
401 

Erectae, 177, 182, 188-190 
Eremosphaera De Bary, 35, 55, 102, 

117 

viridis, 11, 117 (fig. 31), 118 
Eremosphaeraceae, 102, 117, 118 
Ernst, A., 170, 289, 290 
Escoyez, E., 281 
Esmarch, F., 8 
Etard, A. and Bouilhac, 435 
Euachnanihes Schiitt (sect, of Ach- 
nanthes), 870 

Euastropsis Lagerh., 102, 112, 113 
Richteri, 112 (fig. 27), 118 
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Euastrum Ehrenb., 11 , 253, 257, 258, 
266, 274-276 
ansatum, 276 

binale, 263, 274, 275 (fig. 110) 
crassum, 276 
Didelta, 261, 276 
elegans, 274, 275 (fig. 110) 
gemmatiun, 276 
humerosum, 261 
insigne, 276 

oblongum, 275 (fig 110), 276 
pectinatum, 276 
Richteriy 113 

verrucosum, 257, 274, 276 
Eucapsis Clements & Shantz, 453, 

460 

alpina, 460, 466 (fig. 189) 
Euchromulinaceae, 315, 321, 322, 
323 

Eucocconeis Cleve (sect, of Cocco- 
neis), 370 

Euconjugatae, 225-252 
Eudorina Ehrenb. 64, 65, 68, 75-77 
elegans, 10, 76 (fig. 9), 78 
Eudorinella Lemm., 76 
Eufragilaria llalfs (sect, of Fragi- 
laria), 365 

Euglena Ehrenb., 13, 25, 33, 36, 37, 
39, 44, 407 et seq., 410, 411, 
412 

acus, 412 (fig. 173) 
deses, 408 
gracilis, 409 
oxyuris, 411 

polymorpha, 412 (fig. 173) 
quartana, 410 

sanguinea, 407, 409, 410, 411,412 
Spirogyra, 411, 412 (fig. 173) 
tripteris, 41 1 

viridis, 22 (fig. 1), 407, 408, 411 
Euglenaceae, 410 

Euglenineae, 11, 24, 33, 36, 38, 407- 
415 

Euglenopsis Davis, 67 
Eugongrosira (sect, of Gongrosira), 
198 

Euhymenomonadaceae, 321, 325, 
326 

Eunotia Ehrenb., 338, 348, 359, 368, 
369, 500 
Arcus y 368 
bicapitata, 369 
flcdcmsa var. bicapitata y 369 
gracilis, 868 (fig. 154), 369, 374 
(fig. 157) 


incisa, 369 
liinaris, 348, 369 
pectinalis, 369 

pectinalis var. undulata, 368 (fig. 
154) 

robusta, 368 (fig. 154) 
tetraodon, 369 

Eunotiaceae, 352, 359, 368, 369 
Euochromonadaceae, 316 
Eu-Oocystis (sect, of Oocystis), 123 
Eutreptia Perty, 407, 410, 415 
viridis, 412 (fig. 173), 415 
Eu-Ulotrichales, 59, 146, 150, 152- 
164 

Evection, 168 
Evens, E. D., 15 

Evolution among Protophyta, 19, 
20, 25-32, 53, 295, 314, 320, 
351, 387, 389, 392, 397, 407, 
416, 434 
Exsiccata, 15 
Eye-spot, 36, 40, 64 

False branching (of Myxophyceae), 
436, 480, 485 

False nodules (of Diatoms), 366 
Famintzin, A., 98 
Fat, see Oil 
Fechner, R., 447 
Fertilisation, 46 

Filament (in Myxophyceae), 436 
Filamentous forms, 28, 30, 33 
Fischer, A., 37, 269, 437, 438, 439, 
440 

Fishes, Algae as food of, 5, 10, 349 
Fissures (of Diatoms), 343 
Fixation of Freshwater Algae, 14 
Flagella, 20, 25, 37, 409 
Flagellata, 3, 19, 21, 37, 44, 61, 69, 
295, 314 et seq., 387 et seq. 
Flagellate organisation, 19 
Florideae, 180, 417, 418, 420, 421- 
430 

Floridean starch, 24, 417, 432 
Flowing water. Algae of, 4, 7, 11 
Fluid mounts, 15 
Fontinalis antipyretica, 5 
Food, Algae as, 5, 10, 349, 476 
Foreliella Chod., 4 
Forti, A., 351, 352, 364 
Fossil Algae, 316,. 349, 350, 397, 
434 

Fragilaria Lyngbye, 11, 837, 344, 
348, 349, 359, 365 
capucina, 365, 366 (fig. 152) 
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Fragilaria (cont.) 
construens, 865 
crotonensis, 365 
mutabilis, 365 
virescens, 365 

Fragilariaceae, 359, 366-367 
Fragilarioideae, 352, 358, 361-369 
Fragmentation, 40, 54, 144; in 
Zygnemales, 232 
Franck, R., 36, 184 
Fries, E. M., 105, 152 
Fritsch, F. E., 7, 8, 9, 31, 49, 53, 124, 
148, 174, 184, 190, 193, 196, 
214, 216, 247, 248, 289, 420, 
435, 443, 444, 445, 448, 449, 
497 

Fritsch, F. E. and Haines, F. M., 8, 
247 

Fritsch, F. E. and Rich, M. F., 9, 
142, 154, 233, 849, 497 
Fritsch, F. E. and Salisbury, E. J., 8 
Fritsch, F. E. and Takeda, H., 70, 
85 

Frog-spawn Alga, see Batracho- 
spermum 

Frustule (of Diatoms), 335 
Frustulia Ag., 344, 372, 373 
Frustulia Rabenh., 372 
Fucoxanthin, 24, 341 
Fucus ceranoides, 8 
Fungi, 4, 98, 289, 298 
Funk, G., 469 
Fusola Snow, 90 

Gabriel, C., 500 
Gaidukov, N., 156, 314, 439 
Gametangium, 45 
Gametes, 44, 46, 62, 144, 176, 348 
Gametophyte, 48, 49, 420 
Gardner, N. L., 437, 438, 440, 444 
Gastrop^s, 188, 198 
Gay, F., 167, 190, 497 
Geitler, L., 2, 15, 69, 101, 115, 200, 
388, 430, 431, 432, 438, 439, 
443, 444, 445, 446, 448, 451, 
452, 456, 463, 465, 468, 471, 
477, 482, 491, 493, 494, 495, 
497 

Geitler, L. and Pascher, A., 499 
Gemeinhardt, K., 500 
Geminella Turp., 145, 150, 166 
interrupta, 156, 157 (flg. 56) 
mutabilis, 11, 156, 157 (fig. 55) 
ordinata, 156, 157 (fig. 55) 
protogenita, 156, 157 (fig. 56) 


Gemmae, 290 

Genicularia De Bary, 281, 239, 241 
elegans, 241 

Spirotaenia, 240 (flg. 95), 241 
Geographical distribution of Fresh- 
water Algae, 9, 264 
Gerassimoff, J. J., 234 
Germination of spores, 42, 48, 58, 
238, 261 ; of Myxophyceae, 448 
Gerneck, R., 97, 106, 497 
Gigartinales, 421 

Girdle, of Diatoms, 335, 339; of 
Peridinieae, 393, 401 
Girdle-bands (of Desmids), 270 
Girdle- view (of Diatom), 336 
Glade, R., 480 

Glaucocystis Itzigs., 439, 452, 456, 

493, 494 

Nostochinearurn, 12, 494, 495 (fig. 
207) 

Glenodinium Stein, 33, 893, 398, 399 
cinctum, 22 (fig. 1), 400 
pulvisculus, 399, 400 
tabulatumy 402 

uliginosum, 11, 399 (fig. 169), 400 
Glolnferae (sect, of Vaucheria), 294 
Glochiococcus De Toni, 119 
Gloeocapsa Kutz., 12, 33, 435, 446, 
447,450, 453, 457, 462,463, 464 
alpina, 457, 462 
gigas, 462 

magma, 463 (fig. 187) 
polydermatica, 463 (fig. 187) 
punctata, 463 
RalfsianUy 463 
Ralfsii, 463 
sanguinea, 462 

Gloeochaete Lagerh., 439, 452, 456, 

494, 495 
bicornis, 495 

Wittrockiana, 495 (fig. 207) 
Gloeococcus A. Br., 88 
Schroeteriy 88 

Gloeocystis Naeg., 69, 90, 91 
amplQy 90 

gigas, 10, 90, 91 (fig. 18) 
infusionum W. & G. S. West, 90 
vesiculosa, 90 

Gloeothece Naeg., 11, 12, 446, 450, 
452, 467 

confluens, 457, 458 (fig. 183) 
linearis, 457, 458 (fig. 188) 
rupestris, 457 
Gloeotila Kiitz., 156, 159 
protogenitay 156 
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Gloeotrichia J. Ag., 11, 446, 456, 
486, 489, 490 

echinulata, 489 (fig. 203), 490 
natans, 190, 489 (fig. 203), 490 
Pisum, 490 

Glycogen, 24, 434, 438, 440 
Glycoproteins, 440 
Gobi, C., 302 
Goebel, K., 75, 434 
Goetz, H., 290 
Golenkin, M., 83 
Golenkinia Chodat, 121 
paadspinosay 121 
radiaiay 121 

Golenkinieae, 103, 121, 122 
Gomont, M., 469 

Gomontia Born. & Flah., 177, 178, 
179, 182, 198, 199 
Aegagropilae, 199 (fig. 79) 
Gomontieae, 178, 182, 196, 198, 199 
Gomphonema Ag., 12, 336, 337, 344, 
349, 360, 376, 377 
acuminatum, 22 (fig. 1), 377 
constrictum, 377 (fig. 160) 
geminatum, 11, 12, 377 (fig 160) 
parvulum, 377 

Gomphonemaceae, 360, 371, 376, 
377 

Gomphosphaeria Kutz., 11, 448, 
453, 461 

aponina, 11, 460 (fig. 185), 461 
lacustris, 461, 466 (fig. 189) 
Naegeliana^ 461 

Gonatonema Wittr., 237, 239, 247, 
251, 252 

Boodlei, 252 (fig. 101) 
notabile, 252 

ventricosum, 2,52 (fig. 101) 
Gonatozygaceae, 231, 239, 240, 241 
Gonatozygoii De Bary, 239, 241 
Brebissonii, 240 (fig. 95), 241 
Brebissonii var. laeve, 240 (fig. 
95) 

Brebissonii var. minutum, 240 
(fig. 95), 241 
Kinahani, 241 

monotaenium, 240 (fig. 95), 241 
Ralfsiiy 241 

Gongrosira Kutz., 11, 174, 177, 178, 
182, 197, 198 
Sclimidlei, 198 
Scourfieldii, 198 
stagnalis, 197 (fig. 78), 198 
terricola, 198 
viridis, 197 (fig. 78), 198 
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Gongrosira-stages (of Vaucheria), 
291 

Gongrosireae, 178, 182, 196-198 
Gonidia, of Chlamydomonadales, 64, 
81, 82; of Lichens, 4, 89, 107. 
201, 212, 435, 450; of Myxo- 
pliyceae, 44, 446, 448-449 
Gonimoblasts, 420 
Gonium Muller, 33, 37, 63, 65, 68, 
73, 74 
lacustre, 74 

pectorale, 10, 74 (fig. 7) 
sociale, 74 (fig. 7) 

Gonyaulax apiculata, 393 
Goodwin, K. M., 500 
Goor, A. C. J. van, 441 
Goroschankin, J., 60, 62, 70 
Grarmnatonema Kiitz., 365 
Gran, H. H., 348 
Graphis, 201 

Green Algae, 20, 51-294; see also 
Isokontae 

Green cells (in animals), 4, 98, 118 
Greger, J., 188 
Grevillc, IL, 106, 211 
Grifliths, B. M., 2, 7, 10, 60, 69, 124, 
140, 308, 403, 451, 478, 493, 
494, 497 

Grintzesco, J., 17, 119, 138 
GrobHy, A., 128 
Grove, W. B., 56, 77, 497 
Grunow, A., 382 

Grunoxvia Rabenh. (sect, of Denti- 
cula), 363 
Guano, 349 

Guillermond, A., 35, 438, 500 
Gullet, 387, 388 
Gymnodiniaceae, 393, 397 
Gymnodinium Stein, 392 et seq., 

398, 399 

aeruginosum, 394 (fig. 168), 395, 
399 

paradoxum, 398, 399 (fig. 169) 
pulvisculus, 393 
Vorticella, 399 

Gymnozyga Ehrenb., 267, 287, 288 
moniliformis, 11, 287 (fig. 119), 
288 

moniliformis var. gracilescens, 287 
(fig. 119) 

Gynandrosporous Oedogoniales, 216 
Gyrosigma Hass., 346, 860, 371, 375 
acuminatum, 375 
attenuatum, 375 (fig. 158) 
Spencerii, 875 
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Haase, G., 37, 152, 409, 410 
Haematochrome, 177, 178 
Haematococcus A^., 79 
insignisy 465 
pluvialiSy 79 
salinusy 73 
Hairs, 174, 184, 441 
Halosphaera Schmitz, 298, 307 
Hamburger, C., 73, 407 
Hammatoidea W. & G. S. West, 
425, 456, 486, 490 
Normanii, 490 (fig. 204), 491 
Hansgirg, A., 1, 2, 119, 237, 253, 
390, 432, 449, 458, 469 
Hansgirgia De Toni, 202 
Hantzschia Grun., 338, 360, 383 
Amphioxys, 12, 383 (fig. 164) 
Hapalosiphon Naeg., 12, 33, 425, 
436, 456, 491, 492 
hibernicus, 492 (6g. 205) 
intricatus, 492 
Haploid phase, 48 
Haptera, 30, 54, 149, 220 
Harder, R., 476 
Hariotina Dang., 140 
reticulata, 142 

Harper, R. A., 64, 73, 80, 113, 115 
Harpochytrium Lagerh., 299 
Hartmann, M., 64 
Hassall, A. H., 1, 252, 497 
Ilassallia Berk., 484 
Haupt, A. W., 437, 438 
Hauptfleisch, P., 27, 255, 259 
Hazen, T. E., 71, 79, 154, 310, 497 
Hedera, 178, 202 

Hedgcock, G. G. and Hunter, A. A., 
428 

Heering, W., 2, 113, 156, 159, 167, 
178, 184, 293, 300, 309, 497 
Hegler, R., 438, 439, 443, 445 
Heidinger, W., 292 
Heinreicher, E., 173 
Heinzerling, O., 341 
Heleoplankton, 7 
Helminthocladiaceae, 422 
Hemidinium Stein, 392, 397, 398 
nasutum, 398, 399 (fig. 169) 
Henderson, E. B., 316, 349 
Henfrey, A., 1 
H^ribaud, J., 351 
Herposteiron Naeg., 193 
conferxncola, 194 

Heterocapsales, 296, 300, 303-306 
Heterochloridales, 295, 300, 301- 
306 


Heterochloris Pascher, 33, 296 
Heterococcales, 296, 298, 300, 304, 

306-309 

Heterococcus Chod., 299 
Heterocysts, 436, 444-44 6 
Heterokontae, 19, 20, 21, 25, 33, 35, 
36, 39, 89, 127, 155, 295-313, 
314, 350, 351 

Heterosiphonales, 300, 312, 313 
Heterotrichalcs, 299, 300, 310-312 
Hicks, J. B., 1 

Hieronymus, G., 80, 207, 492 
Hildenbrandtia Nardo, 31, 417, 421 , 
422, 430, 500 
rivularis, 11, 430 (fig. 180) 
liimantidium Ehrenb. (se(?t. of 
Eunotia), 348, 368, 369 
Him, K. E., 212 

Hodgetts, W. J., 2, 56, 69, 155, 164, 
207, 216, 226, 236, 246, 247, 
249, 497 

Ilolacanthum (sub-gen. of Xan- 
thidium), 279 
Holdfasts, see Haptera 
llolocystis Hass., 276 
Holopedium Lagerh., 453, 459 
irregulare, 460, 466 (fig. 189) 
Holozoic nutrition, 19, 395, 409 
Homoeocladia Ag. (sect, of Nitz- 
schia), 382 

Homoeolhrix (sect, of Calothrix), 
486, 487 

Hormidium Kiitz., emend. Klebs, 
42, 58, 144, 145, 150, 153, 154, 
158, 159 

dissectum, 155, 158 (fig. 57) 
flaccidum, 12, 147 (fig. 52), 154, 
158 (tig. 57) 
murale, 165 
nitens, 155 
parietinum, 165 
rivulare, 11, 155 

Hormidium -stage (of Prasiola), 147, 
164, 165 

Hormiscia Fries, 152 
Hormiscia Rabenh.; Hansg.; De 
Toni, 152 

Ilormococcus Chod., 154, 158 
Hormocysts, 447 

Hormogoneales, 435 et seq., 4.52, 
454r-456, 468-495 
Hormogones, 441, 445, 446,447, 486 
Hormospora Br6b., 66, 156 
mutabilis, 156 
ordinata, 156 
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Hormotila Borzi, 33, 66, 68, 85, 86 
mucigena, 85 (fig. 14), 86 
Hornby, A. J. W., 196 
Hot springs, vegetation of, 7, 8, 450 
Huber, J., 174, 191, 193, 497 
Huber, J. and Nipkow, F., 402 
Hustedt, F., 348, 362, 368, 500 
Hyalobryon Lauterb., 318, 319, 321, 
330 

Lauterbornei var. mucicola^ 330 
mucicola, 327 (fig. 136), 330 
Hyalotheca Ehrenb., 258, 261, 267, 
285, 286 

dissiliens, 2.59, 286 (fig. 118) 
mucosa, 286 
neglecta, 286 (fig. 118) 
undulata, 286 
Hybrids, 49, 71, 238, 261 
Hydra, 98 
viridis, 4, 118 
Uydrianum Rabenh., 108 
Hydrocoryne Schwa be, 480 
Ilydrocylium A. Br., 107 
Hydrodictyaceae, 32, 57, 99, 102, 
111-117 

Hydrodictyon Roth, 35, 42, 55, 56, 
97 (fig. 23), 99, 101, 102, 112, 
115-117 
africanum, 117 
reticulatum, 116 (fig. 30), 117 
Hydruraceae, 321, 332 
Hydrurus Ag., 33, 314, 319, 321, 
332 

foetidus, 316 (fig. 133), 332 (fig. 
140), 383 

Hymenomonadalcs, 315, 318, 320, 
321, 324-326 
Hymenomonas Stein, 33 
Hypheothrix Kiitz., 471, 474 
Hypnodinium Klebs, 33, 396, 397 
sphaericum, 394 (fig. 168) 
Hypnospores, 44 
Hypotheca (of Diatoms), 385 
Hypovalve (of Peridiniaceae), 893, 
401 

Icthyocercus W. & G. S. West, 266 
Idioandrosporous Oedogoniales, 216 
IrnhS-user, L., 164 
Immobiles, 851, 352 
Inactis Kiitz., 474 

Incipient nucleus (of Myxophyceae), 
437 

Incrustation, 8, 177, 188, 288, 450, 
451 


Ineffigiata W. & G. S. West, 303 
neglecta f 304 

Inner investment (of Myxophyceae), 
443, 448 

Intercalary bands, of Diatoms, 339, 
350 ; of Peridiniaceae, 394 
Intercalary growth, 54 
Intercalary plates (of Peridini- 
aceae), 401 

Interfilum paradoxum, 158 
Iiitra vitam staining, 15 
Investigation of Algae, methods, 14, 
16 

Isochrysidaceae, 321, 324 
Isochrysidales, 315 
Isococcus Frit sell, 70, 85 
Isoetes, 5 
Isogamy, 44, 45 

Isokontae, 19,20, 21, 27, 28, 33, 34, 
35, 36, 38, 39, 40, 44, 45, 48, 
51-294 

Isthmus (of Desmid), 253 
Itzigsohn, H., 485 
Iwanoff, L., 317 
Iwanoffia Pascher, 175, 212 

Jacobsen, H. C., 18, 60, 78, 80 
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JOrstad, 1., 152 
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Juday, C., 13 
Jungermannia inllata, 5 
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Karsten, G., 31, 238, 245, 341, 345, 
346, 347, 348, 884 
Karyosome, 34 
Kauffmann, H., 84, 225, 261 
Keel (of Diatoms), 388 
Keratococcus Pascher, 128 
Keuten, J., 39 

Kidston, R. and Lang, W. H., 434 
Kieselguhr, 349 
Kinoplasm, 37 
Kirchner, O., 421, 482 
Kirchneriella Schmidle, 11, 99, 100, 
104, 133 
lunaris, 133 
obesa, 183 (fig. 43) 
subsoiitaria, 134 
Kitton, F., 348 
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441, 479 

Klebs, 1, 17, 21, 27, 42, 46, 5i, 
109, 111, 112, 115, 145, 154, 
184, 231, 237, 255, 256, 261, 
291, 299, 313, 319, 322, 892, 
405, 410, 497 
Klein, G., 443 
Klein, L., 80 
Klerker, J., 154 

Kofoid, C. A., 60, 77, 394, 400, 401, 
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Kohl, F. G., 437, 438, 439, 443, 445 
Kolderup-Rosenvinge, L., 237, 238 
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Krause, F., 402 
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Lagerheim, G., 1, 7, 58, 92, 98, 112, 
132, 135, 146, 155, 156, 162, 
164, 165, 167, 190, 199, 238, 
247, 299, 310, 332, 333, 416, 
459, 494 

Lagerheimia Chod., 108, 125, 126 
genevensis, 125 (fig. 37) 
genevensis var. subglobosa, 125 
(fig. 37) 
subglobosa, 125 
Wratislaviensis, 125 
Lagerheimieae, 103, 125, 126 
Lakes, Algae of, 11 
Lambert, F. D., 204 
Lamellibranchs, 10 
Lateral conjugation, 284, 237, 261 
Lauterborn, R., 318, 340, 344, 402, 
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Leibleinia Endl. (sect, of Lyngbya), 
472, 473 

Lemaire, A., 443 

Lemanea Bory, 11, 417 et seq., 422, 
423, 426-428 
australis, 419 (fig. 175) 
catenata, 427 (fig. 178) 
fluviatilis, 428 
fucina, 427 (fig. 178), 428 
mamillosa, 427 (fig. 178), 428 
parvula, 428 


torulosa, 427 (fig. 178), 428 
Lemaneaceae, 422 
Lemmermann, E., 1, 76, 83, 86, 88, 
121, 125, 132, 305, 306, 307, 
308, 309, 328, 330, 355, 897, 
410, 413, 441, 443, 469, 479, 
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Lemmerrnannia Chod., 136 
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Lemna, 4, 82, 98, 109, 476 
Lepochromonadineae, 326 
Lepocinclis Perty, 407, 408, 410, 413 
ovum, 412 (fig. 173), 413 
Steinii, 413 

Leptosira Borzi, 182, 196 
Mediciana, 197, 199 (fig. 79) 
Leptothrix Kutz., 471, 472 
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Leucosin, 22, 314 
Leuronema WalJich, 284 
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198), 478 
aestuarii, 12, 473 
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INDEX 


519 


major, 472 (fig. 193) 
majuscula, 451 
Martensiana, 473 
ochracea, 478 
Lyngbyeae, 454, 469-473 
Lysimachia, 98, 111 
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M’Keever, F. L., 86, 834 
McLean, R. C., 437 
Macrandrous Oedogoniales, 220 
Macrozoospores, 144, 175 
Magnus, W. and Schindler, B., 440 
Maire, R., 31, 58 
Mallomonadaceae, 318, 321, 323 
Mallomonas Perty, 11, 317, 321, 323 
acaroides, 323 
caudata, 324 (fig. 134) 
longiseta, 323, 324 (fig. 134) 
producta, .323, 324 (fig. 134) 
Mangin, L., 335, 392 
Mann, A., 500 
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Mast, S. O., 37 
Mastigothrix Kiitz., 486 
Mastogloia Thwaites, 360, 376 
Dansei, 376 
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69 

Meister, F,, 15, 352, 366 
Melosira Ag., 11, 344, 348, 349, 353, 
364, 355, 500 

arenaria, 12, 845, 354 (fig. 146), 
355 

granulata, 11, 354, 855 
Roeseana, 12, 354, 355 
varians, 11, 354 (fig. 146) 
Melosiraceae, 353-355 
Meneghini, G., 105, 211 
Mereschkowsky, C., 341, 344, 379 
Meridion Ag., 340, 359, 363, 364 
circulate, 11, 363 (fig. 150), 364 
circiilare var. constrictum, 364 
Meridionaceae, 359, 363, 364 
Meringosphaera Lohmann, 298 
Merismopedia Meyen, 11, 484, 435, 
446, 458, 459 
aeruginea, 459 

elegans, 22 (fig. 1), 487, 459 (fig. 
184) 

glauca, 459 (fig. 184) 
punctata, 459 


Merrillosphaera Shaw, 82 
Merriman, M. L., 231 
Merton, H., 64, 77 
MesocarpacedCj 238, 239 
Mesocarpus Hass., 249 
notabilis, 252 

Mesotaeniaceae, 225, 227-230 
Mesotaeniales, 48, 58, 225-230, 262, 
265 

Mesotaenium Naeg., 12, 224 et seq., 
229, 262, 265 
caldarioruin, 229 
chlamydosporum, 228 (fig. 93) 

De Greyi, 228 (fig. 98), 229 
Endlicherianum, 229 
macrococcum, 228 (fig. 93) 
macrococcum var. micrococcum 
229 

purpureum, 229 
violascens, 229 
Metaboly, 26, 407 
Metachromatin granules, 437, 440 
Meyer, A., 40, 80, 290, 341 
Meyer, K., 162, 200 
Mevius, W,, 79 

Micractinium Fresen., 10, 100, 108, 
121 

paucispinosum, 121 (fig. 34) 
pusillum, 121 (fig. 34), 122 
pusillum f. quadriseta, 121 (fig. 
34) 

radiatum, 121 (fig. 34), 122 
Micrasterias Ag., 11, 253, 255, 264, 
266, 276 

Crux-melitensis, 254 (fig. 102), 
275 (fig. Ill), 276 
denticulata, 275 (fig. Ill), 276 
foliacea, 263 
furcata, 276 
.Jenneri, 276 

oscitans var. mucronata, 256 (fig. 

103), 276 
papillifera, 276 
pinnatifida, 276 
radiata, 265 
rotata, 276 

truncata, 275 (fig. Ill), 276 
Microchaetaceae, 482 
Microchaete Thur., 455, 482 
calotrichoides, 482 
diplosiphon var. Cumbrica, 482 
tenera, 481 (fig. 198) 

Microcoleus, Desmaz., 486, 454, 473, 
474 

Chthonoplastes, 12, 474 
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Microcoleus {cont.) 

delicatulus, 474 (fig. 194) 
subtoriilosus, 474 
vaginatiis, 12, 474 
Microcrocis Richter, 459 
Microcystis Kiitz., 11, 12, 435, 441, 
453, 461, 462, 463 
aeruginosa, 462, 466 (fig. 189) 
elabens, 462 
fios-aquae, 462 
incerta, 462 

rnarginata, 462 (fig. 186) 
roseo-persidnus , 462 
stagnalis, 462 (fig. 186) 

Microneis Cleve, 369, 370 
Microspora Thur., 11, 33, 41, 55, 
146, 151, 162-164, 216, 299 
abbreviata, 163 (fig. 60), 164 
amoena, 11, 147 (fig. 52), 163 (fig. 
60), 164 

amoena var. crassior, 163 (fig. 60) 
floccosa, 164 
fontinalis, 168 

pachyderma, 163 (fig. 60), 164 
stagnorum, 164 
tumidula, 147 (fig. 52) 
Microsporaceae, 146, 151, 162-164 
Microspores (of Diatoms), 348 
Microthamnion Naeg., 177, 178, 182, 
188-190 

Kiitzingianum, 11, 189 (fig. 72) 
strictissimum, 189 (fig. 72), 190 
vexaior^ 190 

Microzoospores, 144, 175 
Migula, W., 73 

Millardet, A., 202, 261, 269, 281 
Miquel, P., 345, 348 
Mischococcales, 300, 302 
Mischococcus Naeg., 33, 296, 300, 

302 

confervicola, 302 (fig. 124), 303 
Mitochondria, 35 
Mobiles, 351 

Moebius, M., 170, 205, 428 
Molisch, H., 341, 408, 417, 432, 441 
Moll, J. W., 231 
Mollusca, 177, 349 
MonocilianGerneck, 33, 299 
viridis, 29 (fig. 2) 

Monoecious, 46 
Monospores, 44, 416, 418 
Monostroma Thuret, 44, 151, 160, 
161, 162 

bullosum, 161, 162 
membranaceum, 161 (fig. 59), 162 


Monotaenieae (sect, of Spirotaenia), 
228 

Montague, C., 428 
Moore, G. T., 6, 117, 118, 198, 325, 
349 

Moore, Spencer L., 95 
Moreau, F, 35 
Morren, C. F. A., 136 
Moss protoncma, 12 
Motile unicells, 18, 22 (fig. 1), 25, 
33, 37; colonies, 26, 33 
Mougeotia Ag., 9, 11, 231 et seq., 
239, 247, 249-251 
capucina, 250 (fig. 100), 251 
elegantula, 251 
gelatinosa, 251 
genufiexa, 251 

graeillima, 250 (fig. 100), 251 
parvula, 250 (fig. 100), 251 
scalaris, 251 
tennis, 236 
viridis, 2.50 (fig. 100) 
Mougcotiaceae, 234, 238, 239, 247- 
252 

Mougeotiopsis Palla, 241, 243 
Mountain dulse, 463 
Mountain tarns. Algae of, 11 
Mounting Freshwater Algae, 15, 16 
Movements, of colonies, 64, 318; of 
Desmids, 256, 257; of Diatoms, 
342-344; of Myxophyceae, 447 ; 
of Peridinieae, 393 ; of swarmers , 
38, 42, 60, 144, 391, 407 
Mucilage, 14, 27, 39, 55, 99, 231; of 
Desmids, 254-256; of Diatoms, 
344; of Myxophyceae, 443 
Mud- Algae, 4, 12, 111, 313 
Muller, O., 338, 339, 340, 343, 344, 
345, 347, 348, 354, 380, 384 
Multinucleate cells, 31, 32 
Murray, G., 451 
Mussel, freshwater, 5 
Myriophyllum, 5, 489 
Myxochaete Bohlin, 205 
Myxochrysis paradoxa, 320 
Myxomycetes, 320 
Myxonema Fries, 175, 184 
Myxophyceae, 4, 6, 8, 9, 15, 21, 24, 
28, 33, 35, 38, 39, 40,' 41, 44, 
416, 421, 431, 432, 434-495, 
499, 500 

Naegeli, K. W., 1, 105, 106, 128,211, 
278, 344, 498 
Nannandry, 216 
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Naniiochloris coccoides, 119 
Nannoplankton, 5, 13 
Nardia emarginata, 5 
Naumann, E., 6, 119, 392, 407, 411, 
451, 473 

Navicula Bory, 12, 335 et seq., 360, 

371-374 

alpina, 373 (fig. 156) 
Amphisbaena, 346 (fig. 145), 347, 

372 

atonius, 12, 374 
borealis, 12, 374 
crassinenria, 373 
cryptocephala, 373 
cuspidata, 341, 373 
elliptica, 372, 378 (fig. 161) 
exilis, 374 

Iridis, 372, 378 (fig. 161) 
lata, 373 

limosa, 346 (fig. 145) 
lineolatae^ 373 
major, 336 (fig. 142), 373 
mutica, 12, 374, 378 (fig. 161) 
nobilis, 373 

nobilis var. Dactylus, 336 (fig. 
142) 

ovalis, 372 
perlepida, 340 
perpusilla, 373 

rhomboides, 372, 373, 374 (fig. 
1.57) 

rhomboides var. saxonica, 11, 373 
serians, 372, 373 (fig. 156) 
sphaerophora, 372, 373 (fig. 156) 
viridis, 337 (fig. 143), 341, 342 
(fig. 144), 346 (fig. 145), 347, 

373 (fig. 156), 374 (fig. 157) 
vulgaris, 373 

Naviculaceae, 360, 371-376 
Naviculoideae, 343, 352, 358, 360, 
371-381 
Necridia, 447 
Neidium Pfitzer, 372 
Neilson-.Jones, W., 73 
Nelson, N. P. B., 451 
Nemalion Tozzetti, 417, 418, 419 
Nemalionales, 49, 417, 418,420, 421 
Nematochrysis Pascher, 33, 319 
Nephroc 5 dium Naeg., 103, 123 
Agardhianum, 10, 123 
closterioideSy 132 
ecdysiscepanum, 124 (fig. 36) 
lunatum, 123, 124 (fig. 36) 
Naegelii, 123 
obesum, 123, 124 (fig. 36) 


Nephroselmidaceae, 388, 389 
Netrium Naeg., 225, 226, 230, 265, 
268 

Digitus, 11, 228 (fig. 93), 230 
interruptum, 230 
oblongum, 280 
Nieuwland, J. A., 276 
Nitrogen-fixation, 450 
Nitzschia Hass., 338, 360, 363, 382 , 
383 

acicularis, 11, 383 (fig. 164) 
Closterium f. miriutissima, 345 
communis, 383 
dubia, 383 (fig. 164) 
ineonspicua, 383 
linearis, 382, 383 (fig. 164) 
palea, 341, 382, 383 (fig. 164) 
pecten, 365 
putrida, 341 

sigmoidea, 380, 382, 383 (fig. 164) 
Taenia, 358 

Nitzschiaceae, 358, 360, 381-383 
Nitzschiella Kabenh., 382 
Nitzschioideae, .3.38, 343, 352, 358, 
360, 381-383 

Nodularia Mertens, 455, 476, 479, 
480 

sphaerocarpa, 479 (fig. 197), 480 
spumigena, 480 

Nodules (central and polar) of Di- 
atoms, 337, 343 
Nordhausen, M., 168 
Nordstedt, O., 1, 19.3, 237 
Nordstedtia Borzi, 208 
Nostoc Vauch., 4, 11, 12, 436, 441, 
444 et seq., 454, 476, 477 , 

478 

eoeruleum, 477 (fig. 196), 478 
commune, 12, 442 (fig. 182), 478 
humifusum, 478 
Linckia, 477 (fig. 196) 
macrosporum, 478 
muscorum, 478 
piscinale, 478 
pruniforme, 478 
fiunctiforme, 449 
sphaericum, 478 
verrucosum, 478 

Nostocaceae, 33, 447, 454, 468, 476- 
480 , 482 

Nostochopsis Wood, 491 
Notommata parasitica, 82 
Werneckii, 294 
Nowakowski, L., 191 
Nuclear fusion, 47 
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Nucleus, 15, 32, 34, 39; of Diatoms, 
34f0; of Euglenineae, 409; of 
Isokontae, 50, 231 ; of Myxo- 
phyceae, 437; of Peridinieae, 
395 

Nuphar, 5 

Nutrient solutions, 16, 17 
Nymphaea, 5 

Occurrence of Freshwater Algae, 4 
et seq., 264, 265, 449-451 
Ochromonadaceae, 321, 326-330 
Ochromonadales, 315,318,320, 321, 
326-330, 387 

Ochromonas Wysotzki, 33, 316 (fig. 
133), 317, 326 
mutabilis, 22 (fig. 1) 

Ocrea (of Scytonema), 483 
Odontidium Kutz., 365 
Oedocladiiim Stahl, 212 et seq. 
Oedogoniaceae, 11, 13, 220-223 
Oedogoniales, 54, 57, 58, 59, 212- 
223 

Oedogonium Link., 8, 11, 34, 35, 37, 
41, 42, 46, 48, 212 et seq., 
220-222 
acrosporuiii, 222 
Ahlstrandii, 217 (fig. 89) 
Borisianum, 222 
Boscii, 43 (fig. 3) 
ciliatum, 221 (fig. 91) 
concatenatum, 213 (fig. 87), 215 
(fig. 88) 

cryptoporum, 216 
cyathigerum, 221 (fig. 91) 
diplandrum, 219 
giganteum, 222 
Itzigsohnii, 222 

Itzigsohnii var. minor, 217 (fig. 89) 
lautumniarum, 218 (fig. 90), 222 
obsoletum, 217 (fig. 89) 
platygynum, 222 
pluviale, 43 (fig. 8) 
punctato-striatum, 222 
rufescens, 213 (fig. 87), 218 (fig. 
90) 

tapeinosporum, 222 
undulatum, 221 (fig. 91), 222 
zig-zag var. robustum, 217 (fig. 89) 
Oil (fat), 21, 28, 47, 248, 290, 295, 
814, 341, 895, 405, 408, 440 
Oligochaetes, 10, 268 
Oligochaetophora G. S. West, 181, 
188, 206 

simplex, 205 (fig. 82), 207 


Olive, E. W., 437, 438 
Oltmanns, F., 2, 35, 42, 95, 96, 178, 
180, 202, 203, 212, 225, 239, 
262, 289, 292, 348, 420, 498 
Oncobyrsa C. A. Ag., 448, 453, 465, 
467 

hritannica, 467 
rivularis, 466 (fig. 189), 467 
Onychonema Wall., 267, 284, 285 
ftliforme, 284, 285 (fig. 117) 
Nordstedtianum, 284 
Oocardium Naeg., 39, 66, 267, 283, 
284 

stratum, 264, 283 (fig. 116), 284 
Oocystaceae, 100, 103, 122-127, 
132 

Oocysteae, 103, 122-124, 494 
Oocy Stella Lemm., 122, 123 
natans, 123 

Oocystis Naeg., 10, 11, 33, 99, 101, 
103, 122, 123 
asymmetrica, 123 
ciliata^ 126 

crassa, 122 (fig. 35), 123 
elliptica, 122 (fig. 35), 123 
gigas, 128 
natans, 123 

panduriformis, 122 (fig. 35) 
parva, 123 

solitaria, 11, 122 (fig. 35), 123 
submarina, 101 
Oodesmus Schmidle, 305 
Doederleiniiy 306 

Oogamy, 45-47, 65, 145, 149, 160, 
173, 180, 216 et seq., 292, 418 
Oogonium, 45 
Oolitic grains, 450, 451 
Oospore, 47 

Operpulum (of Oedogoniaceae), 219, 
220 

Ophiocytiaceae, 308, 309 
Ophiocytium Naeg., 11, 298, 299, 
301, 308, 309, 350 
Arbuscula, 12, 309 (fig. 180) 
bicuspidatum, 809 
bicuspidatum f. longispina, 309 
(fig. 180) 
capitatum, 809 
cochleare, 809 (fig. 180) 
graciliceps, 809 (fig. 130) 
majus, 809 (fig. 130) 
parvulum, 309 
Ophrydium, 4, 118 
Orthoneis Grun., 370 
Orthosira Thwaites, 354 
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Oacillaria Bosc.^ 460 
Oscillatoria Vauch., 485, 439, 442 
(fig. 182), 448, 447, 454, 468, 
469, 470, 478 
Agardhii, 469 
angustissima, 470 
brevis, 470 (fig. 191) 
decolorata, 470 
irrigua, 470 (fig. 191) 
limosa, 470 (fig. 191) 
princeps, 470 
proboscidea, 470 (fig. 191) 
rubescens, 470 
splendida, 470 (fig. 191) 
tenuis, 470 (fig. 191) 
Oscillatoriaceae, 11, 88, 110, 485, 
448, 447, 451, 454, 468-476,482 
Ostenfeld, C. H., 347 
Osterhout, W. J. V., 418 
Ott, E., 851 

Ourococcus Grob^ty, 128 
Overton, E., 80 
Ovum, 45 

Palla, E., 231, 248 
Palmella Lyngb., 27, 88, 68, 86 
hyalina, 86 

miniata, 12, 29 (fig. 2), 86 
mucosa, 86 

Palmella-stages, 27, 50, 68 (fig. 4); 
of Chlamydomonadales, 65, 91 ; 
of Chromulina, 815; of Crypto- 
monas, 388; of Euglenineae, 
410; of Stigeoclonium, 184; of 
Ulotrichales, 145 
Palmellaceae, 65, 68, 86-92 
Paltnellococcus Chod., 118 
miniaiuSf 119 
Palmelloid forms, 27, 88 
Palmer, T. C., 344 
Palmer, T. C., and Keeley, F., 385 
Palmodactylon Naeg., 86, 87 
subramosum, 87 
varium, 87 

Palmodictyon Kfitz., 68, 86, 87 
varium, 87 (fig. 15) 
viride, 87 

Palmogloea Kfitz., 229 
Pandorina Bory, 88, 45, 64, 68, 74, 
75 

morum, 10, 75 (fig. 8) 

Parallelism of development, 19, 81- 
88 

Paramoecium, 4, 98, 118 
Paramylon, 24, 408 


Parasitism, 81, 58 
Parietal chromatophores, 84 
Parmelia caperata, 107 
physodes, 107 

Parthenogenesis, 48, 145, 287, 261, 
292 

Parthenospores, 145, 237, 261 
Pascher, A., 2, 8, 19, 21, 25, 26, 
28, 41, 47, 49, 61, 71, 89, 128, 
144, 175, 184, 194, 220, 296, 
297, 298, 800, 804, 805, 806, 
307, 309, 310, 314, 315, 318, 
319, 820, 826, 881, 884, 385, 
350, 851, 887, 888, 889, 892, 
396, 397, 421, 489, 498 
Paulson, R., 107, 212 
Paulson, R. and Hastings, S., 107 
Pavillard, J., 848 

Pearsall, W. H., 6, 7, 9, 82, 265, 307, 
349 

Pearsoniella Fritsch & Rich, 142 
Pectic compounds, 21, 28, 39, 54, 
296, 298, 885, 847, 448, 444 
Pediastrum Meyen, 11, 100, 101, 
102, 112, 113-116 
Boryanum, 114 (fig. 28), 115 
clathratum, 114, 115 
duplex, 114 (fig. 28), 115 
Ehrenbergilf 114 
glanduliferum, 114 (fig. 28) 
integrum, 114 (fig. 28), 115 
pertusuTrif 115 
simplex, 114, 115 
tetras, 114 (fig. 28) 
tricomutum, 114 (fig. 28) 

Pedras negras (of Angola), 485 
Peebles, F., 79 
Penieae, 266, 267-269 
Penium Br^b., 258 et seq., 266, 267- 
269 

cucurbitinumt 278 
curium, 278 

Cylindrus, 268 (fig. 105), 269 
didymocarpum, 260 (fig. 104), 261 , 
269 

margaritaceum, 268 
minutum, 278 
polymorphum, 11, 269 
spirostriolatum, 268 (fig. 105), 
269 

suboctangulare, 268 (fig. 105), 
269 

Pennatae (pennate Diatoms), 886 et 
seq., 352, 358-386 
Peragallo, H., 857 
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Peranema Duj., 407, 409 
Peranemaceae, 410 
Perforating Algae, 4, 177, 198 
Peridiniaceae, 393, 398 
Peridinieae, 23, 35, 127, 387, 388, 
392-404, 494; see also Dino- 
phyceae 
Peridinin, 395 

Peridinium Ehrenb., 11, 33, 397, 
398, 400-402 

anglicum, 400 (fig. 170), 402 
bipes, 401 
cinctum, 11, 402 

cinctum var Lemmermanni, 400 
(fig. 170) 

inconspicuum, 11, 402 
Marssonii, 402 
PubnaculuSt 400 
tabulatuiTi, 396, 401, 402 
Westii, 402 
Willei, 402 

Periodicity, 9, 164, 222, 246, 349, 
404, 411 

Periphlegmatium Kutz., 196 
Periplast, 25 
Perizonium, 347 
Peroniella Gobi, 302 
Peronosporaceae, 293 
Petahnema Berk., 482 
alatum, 483 

Peterschilka, F., 148, 281, 245 
Petersen, J. B., 8, 114, 140, 325 
Petit, P., 287, 245, 351 
Pfeffer, W., 38 
Pfitzer, E., 838, 351 
Phacotaceae, 61, 68, 82-85 
Phacotus Perty, 33, 61, 62, 68, 83 
lenticularis, 83, 84 (fig. 13) 
Phacus Duj., 25, 32, 33, 407, 408, 
410, 413 
caudata, 413 

longicauda, 412 (fig. 173), 418 
pleiironectes, 408, 412 (fig. 173), 
413 

pleuronectes var. hyalina, 413 
Phaeocapsales, 889 
Phaeococcus Borzi, 33, 381, 889 
marinus, 389 
paludosusy 331 
planctonicuSy 831 

Phaeophyceae, 21, 24, 81, 36, 385, 
387, 888, 416, 428 
Phaeoplax Pascher, 889 
Phaeosphaera W. & G. S, West, 
319, 821,331 


gelatinosa, 381 (fig. 189), 332 
Phaeothamniaceae, 333, 334 
Phaeothamnion Lagerh., 33, 319, 
333, 334, 389 

confervicolum, 833 (fig. 141), 834 
Phialopore, 64 
Phillips, F. W., 318, 326 
Phillips, O. P., 438, 444, 447 
Phillips, W., 451 

Phormidium Kutz., 11, 12, 109, 436, 
441, 443, 451, 454, 471, 472, 
473 

autumnale, 12, 472 
laminosum, 450 
molle, 472 (fig. 198) 
persicinum, 439 
purpurascens, 472 
Retzii, 11, 472 
tenue, 472 (fig. 193) 
uncinatum, 449 
Phototaxis, 42, 144 
Phragmites, 489 
Phycochrysin, 22, 314 
Phycocyanin, 24, 395, 416, 439 
Phycoerythrin, 24, 416, 482, 439 
Phycomycetes, 289, 293 
Phycopeltis Millard., 178, 182, 202 
epiphytoii, 199 (fig. 79), 202 
Phycoporphyrin, 229, 247, 2.58 
Phycopyrrin, 395 

Phyllobium Klebs, 58, 96, 98, 102, 
105, 110, 111, 289 
dimorphum. 111 
sphagnicolum, 110 (fig. 26), 111 
Phyllosiphon Kiihn, 31 
Arisari, 58 

Phyllosiphonaceae, 288 
Phylogeny of Freshwater Algae, 19, 
20, 25 et seq., 95, 142, 227, 262, 
289,320,351,397,416 
Phymatodocis Nordst., 267 
Phytelios Frenzel, 121 
Phytodinium Klebs, 897 
Piercy, A., 154 
Pilinia Kutz., 197 
Pinnularia Ehrenb., 340, 841, 371, 
372, 373 

Pithiscm Dang., 78 
Pithophora Wittr., 41,148,149,15?, 
~1B6, 170-172 
Kewensis, 172 

Oedogonia var. polyspora, 171 
(fig. 65), 172 

Placodermae (Desmids), 224, 225, 
226, 253-288 
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Plagiospermum Cleve, 249 
Plakea, 64 

Planctonema Schmidle, 156 
Plankton (Freshwater), 2, 5-7, 9, 
10, 11, 60, 100, 251, 264, 265, 
304, 349, 392, 441, 451, 473, 
479; collection of, 18 
Planorbis, 204 

Plasma- membrane, 25, 38, 42, 443 
Plasmodesmae, 40 
Plasmodial Chrysophyceae, 320 
Plectonema Thur., 454, 455, 469, 

481 

Battersii, 12, 482 
Tomasinianum, 481 (fig. 198), 482 
Pleodorina Shaw, 26, 52, 64, 65, 68, 

77 

californica, 64, 78 
illinoiensis, 64, 77 (fig. 10> 
Pleurastrum insigne, 212 
Pleurenterium Lund, (subgen.), 282 
Pleurocapsa Thur., 448, 465 
rivtilariSy 467 

Pleurocapsaceae, 453, 465-467, 468 
Pleurococcaceae, 183, 209-212 
Pleurococcus Menegh., emend. 
Naeg., 12, 28, 38, 57, 58, 86, 
102, 143, 178, 183, 209-212 
dissectus, 212 
rniniatus, 119 

Naegelii, 205 (fig. 82), 210 (fig. 86), 
211, 212 
nimbatus, 119 
rufescens, 106, 212 
rufescens var. sanguineus, 210 
(fig. 86), 212 
superbus f 90 
vulgaris Naeg., 211, 212 
vulgaris Menegh. non Naeg., 166, 
210, 211 

Pleurodiscus Lagerh., 238 
Pleurosigma W. Sm., 375 
Pleurostauron Rabenh., 374 
Pleurotaeriiopsis (Lund.) Lagerh., 
276, 278 

Pleurotacnium Naeg., 253, 2.57, 258, 
266, 272-274 
coronatum, 273 (fig. 108) 
Ehrenbergii, 275 (fig. 108) 
maximum, 278 
nodosum, 265, 274 
Trabecula, 274 
Trabecula var. rectum, 273 
truncatum, 274 
Poisonous Algae, 451 


Polar lobe (of Desmids), 274 
Polyblepharidaceae, 44, 61, 67, 69 
Polyblepharis Dang., 61, 69 
Polychaetophora W, & G. S. West, 
181, 183, 206, 207 
lamellosa, 206 (fig. 83) 
simplex^ 207 
Polycystis Kiitz., 461 
Polyedrium Naeg., 126 
tetraedricum^ 127 

Polymorphism, 2, 49, 118, 129, 138, 
141, 184, 263, 449 

Polytaenieae (sect, of Spirotaenia), 
228 

Polytoma Ehrenb., 26, 37, 61, 68, 73 
uvella, 63 (fig. 4), 73 
Pond-scums, 4, 40, 54 
Ponds, Algae of, 10, 11, 265 
Pore-organs (of Desmids), 255 
Pores (in cell-walls), 55, 224, 255, 
340, 394 

Poroperidinium {seat, of Peridiniumj, 
401 

Porphyra C. Ag., 30, 417, 421 
Porphyridium Naeg., 421, 422, 430- 
432 

aeruginosum, 432 
cruentum, 12, 431 (Hg. 181) 
Postcingular plates (ot l^ ridinieac), 
401 

Posterior, 25 
Potamogeton, 5 
Potamoplankton, 7 
Potter, M. C., 195 
Poulton, E. M., 307 
Prasiola Ag., 12, 30, 34, 38, 50, 55, 
58, 146, 151, 164-166, 211, 416 
crispa, 165 (fig. 61), 166 
crispa f. muralis, 165 (fig. 61) 
mexicana, 165 
parietinay 165 

Prasiolaceae, 146, 164-166, 211 
Pragiolales, 59, 150, 151, 164^166 
Prkt, S., 500 

Precingular plates (of Peridinieae), 
401 

Preservation of Frcsli water Algae, 
14, 15 

Price, S. R., 241 , 424 
Pringsheim, E. G., 263 
Pringsheim, N., 74, 202, 215 
Printz, H., 2, 108, 122, 131 , 132, 298 
Probst, T., 115 
Prorocentraceae, 397 
Prostratae, 176, 182, 190-196 
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Protein, 85, 55, 56, 281, 416, 440 
Protochrysis PSscher, 33, 388, 389, 
397 

phaeophycearum, 390 (fig. 167) 
Protococcales, 95 

Protococcm Ag., 28, 58, 95, 143, 178, 
209, 211 
mridiSy 21Q| 212 

Protoderma Kiitz., 176, 182, 194 
viride, 12, 195 (fig. 77) 
Protoplasmic connections, 40, 80, 
82, 417, 443, 444, 445 
Protoplast, 25 

Protosiphon Klebs, 33, 102, 289, 313 
botryoides, 111 
Protosiphonaceae, 102, 111 
Provazek, S., 366 

Pseudochaete W. & G. S. West, 176, 
182, 192 
crassisetum, 192 
gracilis, 192 (fig. 75) 

Pseudocilia, 65, 66, 92, 304 
Pseudopleurococcus vulgar e, 212 
Pseudoraphe (of Diatoms), 337, 338, 
389, 343 

Pseudostaurastrum Chod., 127 
Pseudotetra^dron Pascher, 297, 298 
Pseudovacuoles (of Myxophyceae), 
441 

Psilonemateae, 468 
Pteromonas Seligo, 61, 68, 83 
angulosa (Cart.) Dang., 83, 84 (fig. 
18) 

angulosa Chod., 83 
Chodati, 83 
Takedana, 84 (fig. 13) 

Punctae (of Diatoms), 840 
Pure cultures, 17, 18, 500 
Pusules, 395 

Puymaly, A. de, 105, 106, 225, 226, 
244 

P 3 n»mimonas Schmarda, 52, 56, 
60 et seq., 67, 69 
delicatulus, 63 (fig. 4), 69 
inconstans, 70 
Pyreno-crystal, 55, 56 
Pyrenoids, 35, 36, 40; of Crypto- 
phyceae, 388 ; of Desmids, 257, 
258 ; of Diatoms, 341 ; of Eu- 
glenineae,408 ; of Isokontae, 51, 
55, 56; of Rhodophyceae, 417 
Pyxispora W. & G. S. West, 288 

Quadrigula Printz, 104, 131, 132 
Pfitzeri, 11, 129 (fig. 40), 182 


Rabenhorst, L., 1, .372, 374 
Racemosae (subsect, of Vaucheria), 
294 

Radais, 119 

Radh)coccus Schmidle, 99, 103, 119, 
135 

nimbatus, 97 (fig. 23), 119 
Radiofilum Schmidle, 66, 145, 150, 
157 

apiculatum^ 158 
conjunctivum, 158 
flavescens, 157 (fig. 56), 158 
Radiolarians, 389 
Rain-pools, Algae of, 11 
Ralfs, J., 1, 498 
Ralfsia O'Meara, 365 
Raphe (of Diatoms), 337, 338, 339, 
343 

Raphidonema Lagerh., 177, 182, 

190 

nivale, 190, 191 (fig. 74) 

Rayss, T., 100, 140 
Receptive spot, 46 
Red Algae, see Rhodophyceae, 416- 
433; rain, 79; snow, 7, 71, 124, 
392 

Reduction division, 48, 49, 58, 65, 
180, 227, 238, 346, 418, 420 
Rehfous, L., 323 
Reinisch, O., 389 
Reinke, J., 93, 161 
Reinsch, P., 119, 126, 127, 132 
Reinschiella De Toni, 127, 396 
curvata, 127, 131 (fig. 41) 
setigera, 130 

Rejuvenescence, 41, 44, 53, 847, 448 
Rendle, A. B. and W. West jun., 
170 

Replicate walls (of Spirogyra), 232 
Reproduction, 28, 36, 40—49 
Rhabdoderma lineare, 457 
Rhabdonema Kiitz., 850 
adriaticum, 347 
Rhaphidium Kiitz., 128 
adculare, 130 
convolutum^ 130 
duplex y 130 
fasciculcUuniy 130 
fasdculaium var. spircUe, 180 
polymorphum var. acicularey 130 
polymorphum var. falcatum, 180 
polymorphum var, miraJhilCy 130 
polymorphum var. spiraUy 130 
polymorphum var. tumidum, 130 
pyrenogerumy 130 
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seti^erunif 130 
spiralCy 130 
Rhizaster Pascher, 33 
Rhizochrysidales, 320 
Rhizochrysis Pascher, 320 
Rhizoclonium Kiitz., 12, 148, 149, 
151, 167, 168 

hieroglyphicum, 11, 1G7 (fig. 63), 
168 

hieroglyphicum var. riparium, 168 
hieroglyphicum var. tortuosum, 
167 (fig. 63), 168 
Rhizoids, 30 

Rhizopodial forms, 26, 33, 320 
Rhizopodium, 317 
Rhizopods, 166, 320, 389 
Rhizosolenia Ehrenb., emend. Pera- 
gallo, 11, 339, 348, 349, 353, 357 
eriensis, 357 (fig. 148), 358 
eriensis var. rmnsa^ 358 
longiseta, 358 
morsa, 357 (fig. 148), 358 
Rhizosoleniaceae, 353, 356-358 
Rhodochytrium Lagerh., 98 
Rhodomonas Karsten, 388 
Rhodophyceae, 21, 24, 31, 34, 36, 
40, 46, 47, 49, 418-433 
Rhodymeniales, 421 
Rhoicosphenia Grun., 359, 369, 371 
curvata, 12, 371, 378 (fig. 161) 
Rhomboidal plate (of Peridiniaceae), 
401 

Rhopalodia O. Mull., 338, 343, 345, 
346, 360, 380, 381 
gibba, 378 (fig. 161), 381 (fig. 163) 
gibberula, 378 (fig. 161), 381 
gibberula var. producta, 381 
Rich, F. M., 142 
Richter, A., 8 
Richter, O., 17, 341 
Richteriella Lemm., 121 
botryoideSy 122 

Rivers, Algae of, 7, 8, 11, 421 
Rivularia (Roth) Ag., 445, 447, 455, 
486, 488, 489 

Biasolettiana, 488 (fig. 202), 489 
dura, 451, 489 
haematites, 489 
minutula, 488 (fig. 202), 489 
Rivulariaceae, 436, 441, 448, 455, 
468, 485-491 
Roach, B. M., 500 
Rocks, Algae found on, 12, 264 
Kostafinski, J. T. and Woronin, M., 
312 


Rothert, W., 36 
Rothpletz, A., 450 
Rotifer vulgaris, 166 
Rotifers, 5, 82, 294, 308, 415 
Roy, J., 1 

Roya W. & G. S. West, 225, 230, 
265 

anglica, 230 

Cambrica, 230, 268 (fig. 105) 
obtusa, 230 

obtusa var. montana, 230, 268 
(fig. 105) 

Pseudoclosterium, 230, 268 (fig. 
105) 

Rubus, 178, 202 

Running water. Algae of, 7, 8, 11 
Rutilarioideae, 352 

Saccodermae (Desmids), 224, 225- 
230, 265 

Sacheria Sirod., 426, 427, 428 
fucinuy 427 (fig. 178) 
mammillosay 427 (fig. 178) 

Sachs, J., 434 

Sagittal axis (of Diatoms), 336 
Salisbury, E. J., 86 
Salt-marshes, Algae of, 12 
Salt water, effect on Freshwater 
Algae, 8 

Saprophytism in Algae and Flagel- 
lata, 19, 98, 341, 395, 409, 485 
Sauvageau, C., 449 
Scalariform conjugation, 233, 234 
Scenedesmus Meyen, 10, 35, 100, 
104, 133, 138-140, 500 
abundans var. spicatus, 139 (fig. 
48) 

acutiformis, 140 
acutmy 139 
bijuga, 139 (fig. 48) 
bijugatusy 139 
costatus, 140 

denticulatus var. linearis, 139 (fig. 

48), 140 
granulatus, 140 
hystrix, 140 

obliquus, 101, 128, 139 (fig. 48) 
obtususy 139 

quadricauda, 138, 139 (fig. 48) 
quadricauda var. horridus, 139 
(fig. 48) 

quadricauda var. maximus, 139 
(fig. 48) 

Raciborskii, 140 
spiccUuSy 139 
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Scherffel, A., 90, 92, 93, 216, 299, 
315, 317 

Schewiakoff, W., 76 
Schiller, J., 500 
Schilling, A. J., 397, 404 
Schindler, B., 435, 440 
Schizacanthum Lund. (sect, of Xan- 
thidium), 279 

Schizochlamys A. Br., 66, 69, 92, 

93 

delicatula, 11, 93 (fig. 20) 
gelatinosa, 98 (fig. 20), 94 (fig. 
21 ) 

Schizogonium Kiitz., 164 
crispum, 165 
murale, 165 

Schizomeris Kiitz., 146, 154 
Leibleinii, 153, 154 
Schizomycetes, 462, 472 
Schizonema Ag., 371 
Schizosiphon Kiitz., 482, 486, 488 
SchizostauTon Grun., 374 
Schizothrix Kiitz., 12, 436, 443, 451, 
454, 474, 476 
calcicola, 475 
coriacea, 451 
delicatissima, 475 
fasciculata, 450, 475 
funalis, 475 

lardacea, 475 (fig. 195) 

Mulleri, 475 (fig. 195) 

Schmid, G., 447, 469, 471 
Schmidle, W., 1, 65, 79, 80, 89, 119, 
138, 185, 186, 157, 172, 188, 
194, 197, 302, 305, 418, 428, 
461, 478 

Schmidt, A., 352 

Schmitz, F., 34, 55, 411, 428, 498 

Schmula, S., 284 

Schneider, H., 500 

SchOnfeldt, H. v., 352 

Schrammia Dang., 494 

Schreiber, E., 65 

Schroder, B., 2, 14, 27, 138, 155, 255, 
282, 355, 357, 865 
Schrdderia Lemm., 128 
belont)phora, 307 
setigeray 180 

Schutt, F., 351, 352, 367, 395, 400 
Schwellengrebel, N. H., 438 
Sciadium A. Br., 308 
Arbusculay 309 
Scirpus fluitans, 5 
Scotiella F. E. Fritsch, 108, 124 
Fritschii, 124, 131 (fig. 41) 


Scotinosphaera Klebs, 109 
paradoxay 109 
Scott, D. H., 437 
Scourfield, D. J., 18, 499 
Scourfieldia G. S. West, 25, 60, 61, 
67, 73 

complanata, 72 (fig. 6), 73 
cordiformis, 73 
Scytomonas pusilla, 410 
Scytonema Ag., 4, 436, 447, 450, 
455, 482, 483, 484 
alatum, 483 
cincinnatuniy 483 
■crispum, 11, 483 
figuratumy 483 
mirabile, 12, 483 (fig. 199) 
Myochrous, 12, 483 
Myochrous var. chorographicum, 
435 

Scytonemataceae, 436, 447, 455, 468, 
469, 476, 480-486 
Sedentary types, 26, 27 
Selenastraceae, 103, 127-134 
Selenastrum Heinsch, 99, 104, 132, 
133 

acuminatum Lagerh., 133 
acuminatum G. S. West, 133 
Bibraianiim, 133 
gracile, 132 (fig. 42), 133 
Westii, 132 (fig. 42), 183 
Selenoderma Bohlin, 133 
Selenosphaerium Cohn, 115 
Seligo, A., 83 

Senn, G., 100, 138, 141, 200, 283, 
820, 388 

Separation discs (of Myxophyceae), 
446 

Septa (of Diatoms), 339, 340 
Serbinow, J. L., 802 
Sessiles (subsect. oLVaucheria), 294 
Setae, 174, 180, 181, 202 
Sewage, Algae in, 98, 118 
Seward, A. C., 850, 451 
Sexual organs, 45 

Sexual reproduction, 19, 44-49; of 
Aphanochaete, 194; of Bacil- 
lariales, 346, 348; of Chloro- 
coccales, 96, 98, 101; of Coleo- 
chaete, 180, 202, 208; of Cry- 
ptophyceae, 389; of Cylindro- 
capsa, 145, 160; of Desmids, 
259-261; of Euglenineae, 410; 
of Heterokontae, 299; of Hy- 
drodictyaceae, 101, 112; of Iso- 
kontae, 57; of Mesotaeniales, 
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226; of Oedogoniales, 21(>-219; 
of Peridinieae, 396; of Kliodo- 
phyceae, 418-420; of Sphaero- 
plea, 149, 173; of Ulotrichales, 
144; of Vaucheria, 291-293; 
of Volvocales, 62, 64; of Zygne- 
males, 232-236 
Shape of algal cells, 32 
Sharp, S. W., 438 
Shaw, W. R., 60, 64, 77, 81, 82 
Sheath (of Myxophyceae), 436, 439, 
443 

Sinter-deposits, 450 
Sinus (of Desmids), 253 
Siphonales, 31, 54 et seq., 59, 147, 
148, 149, 288-294 
Siphoneous forms, 31, 33 
Sirodot, L., 424, 426 
Sirogonium Kiitz., 231, 236, 238, 
239, 247, 249 

sticticum, 11, 248 (fig. 99), 249 
Sirosiphon Kutz., 492 
Skvortzow, B. W., 414, 500 
Sloth, 5 

Smith, G. M., 2, 6, 14, 34, 56, 90, 
107, 113, 126, 135, 138, 140, 498 
Smith, W., 1, 15, 351 
Snails, 4 

Snow, J. W., 212 
Snow-floras, 7 

Soil, Algae of, 8, 12, 18, 58, 158, 349, 
5Q0 

Solenoideae, 352, 353, 356-358 
Solorina, 89 
crocea, 89 
saccata, 89 

Sorastrum Kiitz., 42, 100, 102, 115 
ajlfiericanum, 115 
spinulosum, 115 (flg. 29) 
Space-parasitisnif 4, 98, 109-111 
Spermatia, 46, 416, 418 
Spermatozoids, 45 
Sphaerella Sommerf., 55, 61, 63, 68, 
79 

droebakensis, 79 
lacustris, 11, 79 (fig. 11) 
nivalis, 71 

Sphaerellaceae, 60, 63, 68, 78-82 
Sphaerocystis Chod., 27, 68, 88 
Schroeteri, 11, 88 (fig. 16), 95 
Sphaerogonium Rostaf., 467 
Sphaerophora Hass., 354 
Sphaeroplea Ag., 45, 54, 57, 149, 
151, 173 
africana, 149 

F 


annulina, 172 (fig. 66), 173 
Sphaeropleaceae, 151, 173 
Sphaeropleales, 59, 150, 151, 173 
Sphaerozosma Corda, 261, 267, 284, 
285 

excavatum, 284, 285 (fig. 117) 
graniilatum, 284 
vertebratum, 284, 285 (fig. 117) 
Sphaerozyga Ag., 478 
Sphagnum, 93, 98, 111, 118, 124, 
156, 197, 207, 208, 229, 253, 
272, 276, 278, 279, 280, 307, 
332, 374, 400, 459, 464, 465, 
476, 479, 492, 494 
contortum, 5 
plumosum, 5 
Spirocoleus Moebius, 472 
Spirodinium Schiitt, 393 
Spirogyra Link, 8, 11, 34, 39, 46, 47, 
49, 56, 231 et seq., 239, 245 - 
247, 500 
aflinis, 234, 246 
calospora, 246 
colligata, 246 
communis, 238, 246 
crassa, 246 
gracilis, 246 
groenlandica, 237 
inflata, 235 (fig. 94) 
jugalis, 238 

majuscula, 245 (fig. 98) 
mirabilis, 237 
neglecta, 245 

nitida, 235 (fig. 94), 245, 246 
porticalis, 245 
setiformis, 235 (fig. 94) 

Spreeiana, 235 (fig. 94) 
tenuissima, 234, 245 (fig. 98), 246 
varians, 237, 246 
velata, 285 (fig. 94), 246 
Spirotaenia Br6b., 11, 224 et seq., 
227 - 229 , 265 
closteridia, 229 
condensata, 227, 228 (fig. 98) 
obscura, 228 (fig. 93) 
truncata, 228 (fig. 98) 

Spirulina Turp., 447, 454, 468, 471 
major, 471 (fig. 192) 
subsalsa, 471 
tenuissima, 12, 471 
turfosa, 471 (fig. 192) 
Spondylomorum Ehrenb., 64 , 78 
Spondylosium Br6b., 261 , 268 , 267 , 
284 , 285 
nitens, 261 

3 ^ 
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Spondylosium (cont.) 

papillosum, 285 (fig. 117) 
pulchellum, 285 (fig. 117) 
Sponges, Freshwater, 4, 98, 118 
Spongomorpha, Kutz., 148 
Sporangia, 41, 43 (fig. 3), 98, 177, 
200, 418, 465 

Sj)ores, 41 et seq.; of Myxophyceae, 
44, 441, 446, 447, 448; of 
Rhodophyceae, 418 
Sporogenous threads (of Rhodo- 
phyceae), 420 

Sporophyte, 48, 49, 58, 180, 420 
Spratt, E. R., 445, 446, 450 
Staehelin, M., 430, 431 
Stahl, E., 213 

Staining of Algae, 14, 15, 55, 340, 
437, 440 

Stapfia Chod., 93 

Starch, 21, 23, 35,51, 55, 56,388, 395 
Staurastrum Meyen, 11, 253, 258, 
261, 264, 267, 278, 281, 282 
acarides, 264, 282 
anatinuin, 281 (fig. 115), 282 
Arctiscon, 265, 282 
Arnellii, 282 

brachiatum, 281 (fig. 115) 
brevispinum, 282 
capitiilum, 282 
Cerastes, 265, 282 
Dickiei, 260 (fig. 104) 
elongatum, 281 (fig. 115) 
enortne^ 127 

furcigerum, 281 (tig. 115) 
grande, 258 
hexacerurn, 282 
inconspicuum, 263 
iotanum, 282 
jaculiferum, 282 

Kjellmani, 256 (fig. 103), 264, 282 
longispinum, 282 
margaritaceum, 11, 282 
Meriani, 264 
Opliiura, 265, 282 
paradoxum var. longipes, 282 
pelagicum, 282 
pileolatum, 282 
polytrichum, 281 (fig. 115) 
pseudopelagicum, 282 
punctulatum, 265, 281 (fig. 115), 
282 

pygmaeum, 282 
teliferum, 282 
tumidum, 257, 282 
verticillatum, 282 


Staurogenia Kiitz., 136 
Schroderi, 138 

Stauroneis Ehrenb., 337, 360, 371, 
374 

acuta, 373 (fig. 156), 374 
Phocnicenteron, 11, 373 (fig. 156), 
374 

Stauros (of Diatoms), 337 
Staurosira Ehrenb. (sect, of Fra- 
gilaria), 365 

StauTospermurn Kiitz., 249 
Stein, F., 84 

Stephanodiscus Ehrenb., 353, 365. 
356 

Hantzschianus, 356 (fig. 147) 
Stephanokontae, 220 
Stephanoon Schewiakoff, 76 
Steplianosphaera Coh* , 63, 80 
pluvialis, 75 (fig. 8), JO 
Stereococcus Kiitz., 197 
Slichococcus Gay, 154 
Stichococcus Naeg., 102, 107, 144, 
151, 152, 157, 158 
bacillaris, 12, 158 (fig. 57) 
dissectus, 155 
scopulinus, 159 
variabilis, 158 (fig. 57) 

Stichogloea Chod., 300, 306 
Doederleinii, 305 (fig. 127), 306 
olivacea, 305 (fig. 127), 306 
Stigeoclonium Kiitz., 11,33,54, 174 
et seq., 181, 184-186, 192, 193 
amoenum, 185 
faretum, 186, 193 
lubricum, 185 

tenue, 29 (fig. 2), 185 (fig. 69) 
Stigma (eye-spot), 36 
Stigmaticae Cleve (sect, of Gompho- 
nema), 376 

Stigonema Ag., 12,33, 436, 450, 456, 
491, 492, 493 
hormoides, 493 
informe, 493 
mammillosum, 493 
minutum, 493 (hg. 206) 
ocellatum, 12, 444, 484 (fig. 200), 
493 (fig. 206) 

Stigonemataceae, 436, 444, 447, 456, 
468, 476, 491-493 
Stipitococcus W. & G.S. West, 300, 

301 

urceolatus, 301 (fig. 123) 
Stizenberger, E., 434 
Stockmayer, S., 167, 168 
Stokes, A., 327 










